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ABSTRACT 
Estimates of the Hydraulic Parameters of Aquifers in Cache Valley, Utah and Idaho 
by 
Paul C. Inkenbrandt, Master of Science 
Utah State University, 2009 
Major Professor: Dr. Thomas E. Lachmar 
Department: Geology 
 
 Hydraulic parameters of aquifers in Cache Valley were compiled from existing 
but largely unpublished data, from specific capacity data reported in well drillers' records, 
and from aquifer tests conducted for this study.  A GIS database was also created to 
organize this information.  
 A complete and thorough literature review was performed, which included 
obtaining unpublished aquifer test data from state and federal agencies, as well as 
reviewing Drinking Water Source Protection plans for each municipality in the valley.   
 Well drillers' records were obtained from the Utah Division of Water Rights 
website and examined for pertinent information.  Screened unit intervals from 1,314 well 
drillers’ logs were databased and mapped.  Transmissivity was estimated from specific 
capacity values obtained from 378 well drillers’ records and keyed into a spatial database.  
 Five pumping tests were also performed.  Four of the tests were single-well tests 
using private domestic wells, and one was a multiple-well test using high-yield municipal 
wells owned and operated by Logan City.  The sites selected for conducting the aquifer 
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tests were the Stevenson well in Weston, Idaho in an unconfined alluvial aquifer; the 
Tomkinson well south of Newton, Utah in the confined gravels of western Cache Valley; 
the Henningsen well east of Paradise, Utah in the Salt Lake Formation; the Luthy well 
east of Cove, Utah in the Salt Lake Formation; and three Logan City, Utah wells in the 
principal aquifer.  Drawdown data collected for each test provide clues regarding the 
surrounding geology, including the existence of a low permeability barrier and the 
possible presence of fractured material.  The transmissivity and storativity of the 
principal aquifer, into which the Logan City wells are screened, have been estimated to 
be 300,000 square feet per day (ft2/day) and 0.000275, respectively.  Drawdown curves 
from wells penetrating close to the East Cache fault display boundary effects. 
 The GIS database shows that the principal aquifer underlies the east side of the 
valley between Smithfield and Hyrum, and has the highest density of wells, most of 
which are screened into confined unconsolidated gravels. The transmissivity is highest in 
the principal aquifer and decreases to the west, north and south of it.  
 (168 pages) 
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CHAPTER I 
INTRODUCTION 
 
 
Statement of the Problem 
 
Increasing population and recent drought cycles in Cache Valley, Utah and Idaho 
have increased the need for additional water supplies.  Several studies (Peterson, 1946; 
Beer, 1967; McGreevy and Bjorklund, 1970; Bjorklund and McGreevy, 1971; Kariya et 
al., 1994) have considered groundwater resources in Cache Valley.  Many of the studies 
of the hydrogeology of the valley include conceptual models of the valley’s aquifer 
system and estimates of the valley’s groundwater supply and the feasibility of using 
groundwater to supply the growing need for water. 
Conceptual models are the foundation for computer simulations capable of 
predicting impacts of water use on a hydrogeologic system.  Accurate, quantitative values 
of hydraulic conductivity, transmissivity and storativity are necessary for credible 
simulations that make reasonable predictions of Cache Valley’s water resources.  
Attempts have been made to perform a computer model of Cache Valley (Clyde et al., 
1984; Kariya et al., 1994; Myers, 2003) with limited success.  All the authors who 
created a model agree that better estimates of hydraulic parameters will enhance the 
accuracy of their models.  Before a more accurate computer model of Cache Valley’s 
hydrogeology can be constructed, hydraulic tests to estimate the various aquifer 
parameters should be conducted. 
 
Purpose and Objectives 
 
 The primary purpose of this project is to estimate the in-situ transmissivity and 
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storativity of the hydrostratigraphic units of Cache Valley.  The project has been divided 
into the following six objectives to accomplish the primary goal: 
1) Compile existing data into a spatial database. 
2) Use specific capacity information from drillers’ logs to estimate the 
transmissivity of wells not tested during this study.   
3) Locate specific wells to conduct pumping tests, insuring that the wells 
meet certain requirements for analytical assumptions and pumping 
limitations, and obtain permission from the owners to test the wells.  
4) Plan and conduct each test based on the hydrogeologic setting and 
physical parameters of each well.  
5) Analyze the test results considering each well’s hydrogeologic setting. 
6) Use the results to estimate and extrapolate hydrogeologic parameters for 
each major aquifer in Cache Valley.   
 
Location 
 
 This study has been performed within Cache Valley, Utah and Idaho.  Cache 
Valley is an elongate, north-south-trending valley straddling the Utah-Idaho border 
bounded by the Bear River Range to the east and the Wellsville, Malad and Bannock 
Ranges to the west (Figure 1).  The roughly oval-shaped valley is approximately 40 miles 
long, north to south, and 17 miles wide, east to west, at its widest point near the state line.  
The valley has an area of approximately 650 square miles.  
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Figure 1:  Area of study.  Cache Valley, Utah (outlined) is within Cache County, Utah 
(dark county in the state map).  
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CHAPTER II 
BACKGROUND 
 
 
Geologic Setting 
 
Initially, Proterozoic and Paleozoic rocks (Pzu), including limestone, dolostone, 
sandstone, and shale, were deposited and underwent Sevier-Laramide uplifting, thrusting, 
and erosion.  The Tertiary age Wasatch Formation (Tw) and later Salt Lake Formation 
(Tsl) were deposited in "piggyback" basins after Sevier-Laramide deformation.  Pre-
Basin-and-Range normal faults created north-northeast-trending horsts and grabens 
(Smith, 1997).  
Basin-and-Range extension from 40 ma (million years) to the present developed 
Cache Valley into an elongate, complex graben.  The valley is a deep half-graben above a 
west-dipping listric normal fault in the southern end.  The graben is bounded by the East 
and West Cache normal fault zones, and flattens, shallows, and broadens out to the north 
(Evans and Oaks, 1996).  Rapid, concurrent deposition of Tertiary deposits overfilled and 
“lapped” onto the adjacent Paleozoic mountains as Basin-and-Range extension continued 
(Smith, 1997). 
Evans and Oaks (1996) examined five east-west and one north-south seismic-
reflection profiles across the valley and created a model of possible basin in-filling.  
Sediment wedges that thicken toward the down-dropped side could have been produced 
by alternate slip of the faults bounding either side of the basin. 
In and around the valley, the Wasatch Formation is comprised of fluvial, colluvial, 
and lacustrine deposits.  The Wasatch Formation is characterized by poorly lithified red 
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conglomerates with cobble to boulder-sized clasts (Oaks and Runnells, 1992). 
The Salt Lake Formation consists of tuff, tuffaceous sandstone, sandstone, 
tuffaceous limestone, limestone and conglomerate.  The Salt Lake Formation filled in 
small sub-basins within the larger precursor basin of Cache Valley (Sacks and Platt, 
1985).  Common lithologies of the Salt Lake Formation are calcite-cemented tuffaceous 
sandstones and conglomerates (Smith, 1997).  Brummer (1991) interpreted the 
conglomerates of the Salt Lake Formation as bajadas derived from the highlands to the 
east.  Smith (1997) proposed that most of the sediments of the Salt Lake Formation were 
deposited in lakes dammed by volcanic ash. 
Smith (1997) mapped the Salt Lake Formation in southern Cache Valley using 
fossils, gravity data, jet rig boreholes, electron microprobe data, and K-Ar and amino-
acid dating.  She produced several cross sections of her field area that allowed for 
accurate determination of the boundaries of the Salt Lake Formation.  Smith identified 
several new faults in the Paradise area and better defined the locations of previously 
identified faults.  She concluded that several units previously identified as the Salt Lake 
Formation are actually the Wasatch Formation.  Her research emphasized the important 
role that the Salt Lake Formation served in relation to groundwater resources.  She stated 
that faults in the southern part of Cache Valley compartmentalize the Salt Lake 
Formation, perhaps making various sections hydrologically independent.  
Overlying the Tertiary deposits in the center of the basin are up to 800 feet (ft) of 
pre-Little Valley deposits (Robinson, 1999).  Near the valley margins, the pre-Little 
Valley deposits consist of angular sand and cobbles mottled with poorly sorted beds of 
silt and clay representative of alluvial fan or deltaic origin (Williams, 1962). These 
6 
deposits become clay-rich towards the center of the valley, most likely from floodplains 
and local or larger regional lakes (Robinson, 1999).  The relative thinness and 
heterogeneous distribution of these clay deposits suggest an exterior drainage (Williams, 
1962).  Pre-Little Valley deposits correspond to Robinson’s (1999) A1, A2, and B2 
nomenclature (Table 1).  There are also several landslides in the area, some wider than a 
mile, comprised of material from the Salt Lake Formation (Williams, 1962).   
 Following pre-Little Valley deposition, three major regional lake cycles occurred 
within the Great Basin.  The most recent cycle, the Lake Bonneville cycle, is well 
recorded in Cache Valley’s stratigraphic record, primarily as a continuous clay layer, 
Robinson’s B1 (Table 1), that blankets the majority of the valley and terminates within a 
mile of the valley margins (Robinson, 1999).  Lake Bonneville filled Cache Valley from 
about 30,000 to 16,400 years ago with minor stillstands and oscillations until it reached a 
spillway over Red Rocks Pass, Idaho, and drained into the Snake River basin. The lake 
remained at the Red Rocks Pass level for about 500 years, creating the Bonneville 
shoreline (5,100 ft above mean sea level (msl)), until the pass catastrophically failed, 
draining the lake to the Provo level (4,737 ft msl).  The lake remained at the Provo level 
for about the next 1,000 years, developing Cache Valley's more prominent delta and 
shoreline deposits, Robinson’s C1 (Table 1).  Beginning about 14,000 years ago, a 
warmer, dryer climate lowered the lake level and eventually caused Lake Bonneville’s 
final retreat from Cache Valley about 13,000 years ago. 
 The Lake Bonneville deposits are overlain with alluvial and colluvial deposits 
(Qau).  These deposits, in combination with the Lake Bonneville deltaic deposits make 
up the unconfined aquifers in Cache Valley.  
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Table 1:  Major Cache Valley hydrostratigraphic units and their associated properties 
(modified from Robinson, 1999). 
Unit 
(Avg. 
thickness, ft) Description Water-Bearing Properties 
Qau 
(50) 
Quaternary alluvium undifferentiated  
cobbles, gravel, sand, and silt; well to 
poorly sorted; unconsolidated; eolian 
sand and spring tufa 
 
generally highly to moderately conductive; 
unconfined; transmissivities generally 
adequate for stock wells; TDS less than 1,000 
mg/L 
B1 
(60) 
Upper confining layer 
clay grading to silt, sand, and gravel  
near the valley margins 
 
considered to be a highly impermeable 
aquitard; vertical gradients as great as 0.5 
C1 
(>200) 
Deltaic deposits 
cobbles, gravel, sand, and silt; well to 
poorly sorted; unconsolidated 
 
transmissivities are generally the 
highest in the valley; unconfined to 
confined; high water quality 
A1 
(30) 
Upper confined aquifer 
gravels to cobbles interbedded with 
sand and silt; clay beds present in 
discontinuous lenses 
 
moderately conductive but relatively 
low thickness gives low transmissivities; 
water generally contains much iron; well-
confined 
B2 
(30) 
Lower confining layer 
thickly bedded clay containing thin 
gravel lenses near the valley 
margins 
 
considered to be a highly impermeable 
aquitard; vertical gradients as great as 0.5 
A2 
(1,340) 
Lower confined aquifer 
unconsolidated to semiconsolidated 
thickly bedded gravels and sands; 
discontinuous lenses of silt, clay and 
marl; woody debris, peat, and shells 
sometimes present 
 
conductivities very low to very high; 
these sediments compose the major aquifer of 
the valley; TDS is generally less than 300 
mg/L, but may exceed 3,000 mg/L 
Tsl 
(9,000) 
Tertiary Salt Lake, undifferentiated 
tuff, and mostly tuffaceous and 
calcareous siltstone, sandstone, and 
conglomerate, limestone and marl 
 
conductivities generally low, but may be high 
locally in solution cavities or fanglomerate 
facies; water quality is highly variable 
Tw 
(150) 
Tertiary Wasatch, undifferentiated 
Poorly consolidated red-colored 
cobble- to boulder-bearing 
conglomerate 
 
conductivities generally low to moderate; low 
well discharges possible; source of some 
springs 
Pzu 
(>>10,000) 
Paleozoic, undifferentiated 
well consolidated to slightly 
metamorphosed sandstones, shales 
dolomites, and limestones; possibly 
containing solution cavities 
permeability is predominately due to fractures 
and solution cavities, ranging from very low 
to locally quite high; TDS ranges from 150 to 
310 mg/L 
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Previous Hydrogeologic Investigations 
 
Grove K. Gilbert (1890) was one of the first researchers to thoroughly examine 
the geology of the region.  He identified Lake Bonneville deposits and landscape features 
in Cache Valley and started the process of deciphering the valley’s recent geology. 
Israelsen and McLaughlin (1935) were the first to conduct aquifer tests in Cache 
Valley.  They attempted to find methods to drain the water-logged central section of the 
valley in the Lewiston/Benson area.  They were the first to acknowledge a continuous 
confining layer in the valley.  They conducted a multiple-well aquifer test over a period 
of several days with a specially designed 12-inch diameter pumping well.  However, their 
early-time measurements were infrequent.  Other similar research sprang from Israelsen’s 
investigations (Pearson, 1949; Perhson, 1950).  See Appendix A for a summary of the 
aquifer tests performed by Israelsen and other workers. 
Peterson (1946) completed an initial description of the hydrostratigraphy of Cache 
Valley.  He catalogued the location and flow of springs and about 427 wells, many of 
which are no longer in use.  He also outlined the settlement history of Cache Valley, 
including when the first wells were drilled (1875).  He sampled 1,065 wells from 1925-
1943 (Beer, 1967).  Peterson made mention of the “Pre-Lake Bonneville” material 
overlying Tertiary/consolidated deposits in the subsurface of the valley.  
Williams (1962) described all units in the valley, and created cross sections of 
Cache Valley’s Quaternary basin fill by correlating water well sections (Figure2).  He 
described pre-Lake Bonneville “concealed deposits” only observed in well records, and 
identified lacustrine and fluvial deposits within the “concealed deposits.”  He also 
identified two separate continuous clay layers that are prevalent across the valley, 
9 
 
 
Figure 2:  Diagrammatic cross section of Cache Valley made by Williams (1962) using 
well drillers’ logs. Note the two continuous confining layers. 
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comprised of what he called the Alpine and Bonneville Formation and the Provo 
Formation (Figure 2). 
In his dissertation, Beer (1967) performed aquifer tests in Logan, Richmond, 
Hyde Park, Lewiston and River Heights, Utah.  He created a comprehensive hydrologic 
budget.  He concluded that the sources of groundwater recharge to the area are from a 
combination of surrounding bedrock inflow and direct precipitation onto the valley.  His 
estimates of transmissivity are highest near the Logan/River Heights area and lower 
further away from that area.  Beer estimated that 44 million acre feet (ac-ft) of water 
reside in the unconsolidated deposits in Cache Valley. See Appendix A for a summary of 
the aquifer tests performed by Beer. 
Peterson and Oriel (1970) constructed a Bouguer gravity map of Cache Valley, 
allowing a better understanding of the valley subsurface via information other than well 
logs.  Gravity contours shows a southward-narrowing and deepening negative anomaly 
within Cache Valley, suggesting a deep and narrow trough of Cenozoic sediments 
towards Hyrum and Paradise, Utah. 
U.S. Geological Survey (USGS) workers Bjorklund and McGreevy (1971) 
conducted a detailed study of the water resources of Cache Valley, Utah and Idaho with 
the help of previously collected published data (McGreevy and Bjorklund, 1970). They 
created a hydrologic budget for the valley, conducted four aquifer tests, created a 
conceptual diagram of the valley, estimated transmissivities using specific capacity 
values from well records, compiled aquifer test results and divided the valley into 
separate hydrogeologic regions.  See Appendix A for the aquifer test results compiled and 
performed by Bjorklund and McGreevy. 
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Based on examination of well records and transmissivities estimated from specific 
capacity data, Bjorklund and McGreevy (1971) divided Cache Valley into eleven 
hydrogeologic regions (Figure 3).  Because they coincide with the area of this study, 
regions one through seven and eleven will be briefly described in the order of Bjorklund 
and McGreevy’s numbering system: 
1) Smithfield/ Hyrum/ Wellsville – Comprised of coalescing alluvial fan 
units that fine westward.  This is the most productive aquifer system in the 
valley and has great potential for additional groundwater development, 
with transmissivities of 10,000 to 330,000 square feet per day (ft2/d).  
Most of this system is confined with the exception of the areas near the 
mountains.  Little change in long-term water levels has been observed in 
this system. 
2) Little Bear River area south of Hyrum – This area contains thin (<30 ft) 
gravel layers overlying finer material.  Unconfined conditions 
predominate in this area.  Transmissivity values are less than 15,000 ft2/d. 
3) Wellsville to Newton – The Quaternary fill in this area consists of low 
permeability clays and silts with thin, intermittent layers of gravel.  It 
thickens eastward from several feet to several hundred feet, and overlies 
Tertiary rocks.  
4) Lower Little Bear River/Benson/the Barrens – These deposits are clay and 
silt with intermittent, poorly hydraulically connected, thin beds of sand 
and fine gravel.  Well depths range from about 300 to 700 ft, although 
there are exceptions, especially near streams.  
12 
 
Figure 3:  Map adapted from Bjorklund and McGreevy (1971) delineating the 
hydrostratigraphic areas that they described.  Note that these areas extend outside of the 
area of this study.  
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5) Cub River subvalley – This area is comprised of interbedded clays, silt, 
sand and gravel that overlie Tertiary conglomerate in most of the area.  
Transmissivities range from 1,000 to 4,000 ft2/d.  The wells in this area are 
usually artesian. 
6) Clarkston – Thin sand and gravel units.  Wells concentrated near 
Clarkston Creek. 
7) Weston Creek subvalley – Permeable alluvial gravel deposits that overlie 
Tertiary rock.  The average transmissivity in this area is 30,000 ft2/d. 
11) Fairview/ Lewiston/ Trenton – Thin alluvial deposits approximately 20 ft 
thick cover most of this area.  These deposits have an estimated 
transmissivity of less than 1,000 ft2/day.  Although these unconfined 
aquifers used to be a common source of groundwater, drillers usually drill 
to deeper confined units at depths in excess of 400 ft. 
Using cross sections that they made using well records, Bjorklund and McGreevy 
(1971) created an early hydrogeologic conceptual model of Cache Valley (Figure 4).  
Their conceptual model consists of an unconfined aquifer on the valley floor underlain by 
a continuous confining unit which overlies a confined aquifer.  Their model shows the 
confined aquifer being recharged at the edge of the confining unit near the valley margins 
and through the fractured consolidated rocks that comprise the mountains.   
Bjorklund and McGreevy (1971) arrived at several important conclusions.  From 
their hydrologic budget, they concluded that annual changes in both surface and 
groundwater storage are negligible.  They stated that approximately 40 million ac-ft of 
water is stored in the Quaternary valley fill material, and additional water is stored in 
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Figure 4:  Hydrostratigraphic conceptual model created by Bjorklund and McGreevy 
(1971).  Note the continuous confining layer and the movement of groundwater from the 
Paleozoic material into the unconsolidated sediment. 
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older rocks.  They claimed that, although groundwater levels have fluctuated with 
variations in annual recharge, the level in the principal confined aquifer had not changed 
from 1935 to the time of their study. 
Clyde et al. (1984) constructed the first numerical model of Cache Valley, Utah 
using an early finite difference model.  They based their model on Bjorklund and 
McGreevy’s (1971) conceptual model, including one confined and one unconfined 
aquifer.  They separated their model into the zones that Bjorklund and McGreevy 
delineated.  Their calibrated model resulted in a map of transmissivity for the valley 
(Figure 5).  They concluded that the mouths of the Logan River and Smithfield canyon 
are major recharge zones for the valley’s aquifers.   
Herbert and Thomas (1992) examined seepage gains and losses in the Cutler 
Reservoir area, and concluded that the Bear River gained approximately of 79.0 cubic 
feet per second (ft3/sec) in this area. 
Anderson et al. (1994) collected an immense amount of hydrogeologic data from 
several areas along the Wasatch front, including Cache Valley.  They subdivided the 
basin-fill aquifers into primary recharge, secondary recharge and discharge areas using 
real water-level data.  They created a basic conceptual model of a Wasatch front 
hydrostratigraphic system (Figure 6).  Anderson et al. (1994) are probably the first to use 
the term “principal aquifer” to refer to the Logan delta area and the underlying inter-lake 
gravels.  They stated that recharge from the extensively fractured adjacent consolidated 
rock of the Wasatch Mountains is highly probable.  Anderson et al. (1994) recognized the 
continuous, areally extensive confining layers in Cache Valley, noting that the valley has 
a greater percentage of clay in the unconsolidated basin-fill deposits than the other  
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Figure 5:  Transmissivity (ft2/d) contour map created from calibration of a numerical 
model by Clyde et al. (1984).  
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Figure 6:  Conceptual model of a typical Wasatch front hydrostratigraphic system from 
Anderson et al. (1994).  Note the three different areas that they delineated.  
18 
subareas that they studied.  
USGS workers Kariya et al. (1994) completed a detailed examination of Cache 
Valley’s water resources using data collected by Roark and Hanson (1992).  Their 
investigation consisted of the construction and calibration of a MODFLOW (McDonald 
and Harbaugh, 1988) computer model, a hydrologic budget, an aquifer test and  
transmissivities estimated from the specific capacities of 131 well records.  See Appendix 
A for a summary of the aquifer tests performed by Kariya et al. (1994).  They used a 
conceptual model (Figure 7) of Cache Valley’s hydrogeologic system that was very 
similar to the conceptual model created by Anderson et al. (1994).  Their conceptual 
model differs from the original Bjorklund and McGreevy (1971) model in that it lacks a 
continuous confining layer overlying the principal aquifer.  The absence of a continuous 
confining layer in the valley implies that the confined aquifers in Cache Valley are 
hydraulically connected with each other and with the unconfined aquifers.  
Kariya et al. (1994) also calculated a hydrologic budget for Cache Valley.  Their 
hydrologic budget also differs from the original Bjorklund and McGreevy (1971) budget 
and the values that they attribute to Bjorklund and McGreevy (1971) are not consistent 
with the original values reported by them. 
Robinson (1999) conducted a thorough hydrostratigraphic and hydrologic 
examination on the valley.  He created a revised conceptual model (Figure 8) based on 
water chemistry data and numerous cross sections he made using well driller’s logs.  
Similar to Bjorklund and McGreevy’s (1971) single continuous confining unit, 
Robinson’s (1999) conceptual model presented two continuous confining layers 
terminating within approximately one mile of Cache Valley’s eastern margin.  With his  
19 
 
Figure 7:  Conceptual hydrostratigraphic model used by Kariya et al. (1994).  Note the 
discontinuous confining layers and the similarities to the conceptual model created by 
Anderson et al. (1994).  
20 
 
Figure 8:  Robinson’s (1999) hydrostratigraphic conceptual model of Cache Valley.  Note 
the continuous confining layers.  The principal aquifer is outlined by the dotted line. 
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model, Robinson described five major hydrostratigraphic units, which include, from top 
to bottom: 
1) A surface unconfined aquifer approximately 50 ft thick (Qau);  
2) The first of the two confining layers approximately 60 ft thick (B1); 
3) An upper confined aquifer approximately 30 ft thick between the two 
confining units with an areal extent limited to the east-central portion of 
Cache Valley (A1); 
4) The lower of the two confining layers approximately 30 ft thick (B2); 
5) The deep confined, or principal, aquifer with a thickness ranging from 
approximately several hundred to over 1,000 ft and with a similar areal 
extent as the upper confined aquifer (A2). 
See Table 1 for a detailed summary of Robinson’s (1999) description of the 
hydrostatigraphic units.  Robinson also used deuterium and oxygen-18 data to deduce 
that water from the Little Bear River, Logan River, Blacksmith Fork and Summit Creek 
may be important sources of recharge to the principal aquifer. 
Das (2002) created an optimization model based on the MODFLOW model 
developed by Kariya et al. (1992).  Based on conservative estimates, he concluded that 
pumping can be increased by 21% using current municipal systems and that sustainable 
pumping can be increased from 16 to 25% with new wells.  
 Myers (2003) refined the Kariya et al. (1994) computer model using Robinson’s 
conceptual model, and modified their boundary conditions, water budget and hydraulic 
properties.  Myers reduced the number of ground water areas from Bjorklund and 
McGreevy’s (1971) original eleven (Figure 3) to seven (Figure 9) for his model.  Because 
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Figure 9:  Myers (2003) reduced Bjorklund and McGreevy’s (1971) eleven original areas 
to seven.  Only the areas delineated within Utah are included on this map (modified from 
Myers, 2003).  
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the areas had similar hydraulic properties, Myers combined Bjorklund and McGreevy’s 
Areas 3 and 4, 7 and 11, and 9 and 10, and eliminated Area 6 because bedrock outcrops 
at the ground surface. 
Using the same grid as Kariya et al. (1994) and the revised parameters, Myers 
(2003) also simulated Cache Valley ground-water conditions using MODFLOW 
(McDonald and Harbaugh, 1988).  Myers concluded that the aquifers in Cache Valley are 
recharged along the margins of the valley from the surface and through subsurface flow 
from the surrounding mountain ranges.  Myers’ model suggests that droughts may have a 
much greater influence on stream and spring discharges than increased pumping from 
wells. 
Myers (2003) recommended that a comprehensive spring study be performed to 
better simulate actual spring discharges and the effects of droughts and groundwater 
withdrawals, and that aquifer tests be performed to obtain more accurate values of the 
hydraulic parameters, particularly the vertical hydraulic conductivity of the confining 
layers overlying the principal aquifer.   
Using the calibrated results from his model, Myers (2003) concluded that, 
because of the continuous confining layers underlying the majority of the valley, there 
would be minimal drawdown in unconfined aquifers as a result of increased pumping in 
the confined units, and that increased pumping may even result in increased influx into 
the basin fill from the mountain ranges. 
Olsen (2007) conducted a study of the discharges and sources of Cache Valley 
springs.  He monitored a total of 53 springs, selecting various sub-sets of which to 
measure discharge (43), major and minor ions and trace metals (46), deuterium and 
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oxygen-18 (21), and tritium (10).  Olsen (2007) determined that 23 of the 53 springs 
monitored are recharged primarily by rivers, and that canal seepage and/or excess 
irrigation water are the main source of recharge for 21 others.  Five of the remaining 
springs have multiple recharge sources, two springs have a bedrock source, and the 
source of recharge could not be determined for the remaining two springs.  Only ten 
springs appear to receive any recharge from precipitation, and it is not the primary source 
of recharge for any of the 53 springs monitored. 
Olsen (2007) found that drought conditions, and not increased pumping from the 
principal aquifer, were responsible for the reduction in spring discharges from 1999 to 
2003.  Olsen also concluded that changes in land use, specifically irrigated fields being 
converted into residential developments and lining of canals, may decrease the discharges 
of springs that receive their recharge primarily from excess irrigation water and/or canals.  
Also, the discharges of the 10 springs that receive some of their recharge from 
precipitation will decrease if their recharge areas are covered by impermeable surfaces.  
Olsen also modified the conceptual model of Cache Valley’s groundwater system created 
by Robinson (1999).  Olsen’s conceptual model is shown in Figure 10. 
 Like Myers (2003), Olsen (2007) also recommended that aquifer tests be 
conducted on a select number of wells to obtain accurate measurements of the hydraulic 
parameters for the important hydrogeologic units in Cache Valley.  Information from 
pumping tests should allow for the creation of a credible simulation model that could be 
used to develop and manage the ground and surface water resources of Cache Valley 
most effectively. 
 Bishop et al. (2007) performed several slug tests to measure hydraulic  
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Figure 10:  Olsen’s (2007) conceptual model of Cache Valley’s hydrostratigraphy. 
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conductivities to determine a limit for septic tank density.  A summary of those tests can 
be found in Appendix A. 
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CHAPTER III 
 
METHODS 
 
 
Database Creation 
ArcGIS 9.3 (ESRI, 2009) was used to combine, edit and create spatial database 
files for this study.  ArcGIS is a powerful geographic information system (GIS) software 
package created by Environmental Systems Research Institute, Inc. (ESRI).  GIS allows 
tables of information to be connected to points, lines or areas in space.  The spatial 
information can be combined with georeferenced images (maps or aerial photographs) to 
allow for a more complete understanding of data relationships and distribution. 
First the WRPOD (water rights points of diversion) shape file and an associated 
water well database table were downloaded from http://www.waterrights.utah.gov/ 
gisinfo/wrcover.asp.  The WRPOD shape file contains location, owner and water right 
information for each point of diversion in Utah.  Points of diversion include water wells, 
springs, canals, ditches and other sources of water.  The water well database was then 
appended to the WRPOD shape file.   
Using an outline of Cache Valley from Bjorklund and McGreevy (1971), wells 
within the valley were selected and a new layer was created. Several new fields were 
added to the database to properly record information that could be obtained from 
examining well drillers’ records.  All wells within each township in the well drilling 
database (http://www.waterrights.utah.gov/cgi-bin/wellview.exe?Startup) and any 
missing pieces of information were systematically analyzed and added to the database.  
Any available maps were used to adjust the location of points to match the well location 
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and the screened interval was identified whenever possible. 
Well drillers’ logs, cross sections from several sources (McGreevy and Bjorklund, 
1970; Smith, 1997; Robinson, 1999; Oaks, 2000), and geologic maps (Lowe and 
Galloway, 1993; Brummer and McCalpin, 1995; Evans and Oaks, 1996; Smith, 1997; 
Oaks, 2006) were used to identify screened intervals for each well.  Lithologic 
descriptions on the well drillers’ logs were the basis for identifying screened intervals.  
Lithologic descriptions in adjacent wells were examined for potential patterns and 
similarities.  Recurring trends, such as cementation and blue clays, were noted in a 
comments field in the database.  Wells were also examined with reference to faults on 
geologic maps to be conscious of possible changes in regional hydrostratigraphy. 
 
Transmissivity from Specific Capacity  
 The three hydraulic parameters of interest for this study are transmissivity, 
hydraulic conductivity and storativity.  Transmissivity values were estimated using both 
specific capacity data and aquifer tests. 
Specific capacity is a measure of water level displacement (drawdown) in 
response to pumping.  It is defined by the equation: 
Sୡ ൌ  
Q
ୱ౭
                                            ሺEquation 1) 
where Sc is specific capacity, Q is discharge and sw is water level drawdown in the well. 
Specific capacity is a function of a number of well and aquifer parameters as well 
as the pumping time.  Well parameters that influence specific capacity include well 
efficiency, radius and screened/perforated interval penetration.  Specific capacity 
estimates from longer pumping tests are considered more reliable because drawdown 
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eventually reaches a late-time, steady-state condition that differs from early-time 
drawdown. 
Hydraulic parameters that are related to specific capacity are transmissivity and 
storativity.  A well completed in an aquifer with a higher transmissivity will have a 
higher specific capacity than a well completed in an aquifer with a lower transmissivity.  
The equation derived by Theis et al. (1963) to estimate transmissivity from specific 
capacity was simplified by Mace (2001) to get: 
T ൌ Sౙ
ସ஠
ln ቀ
ଶ.ଶହT୲౦
୰౭
మ S
ቁ                                        (Equation 2) 
where  T is transmissivity, Sc is specific capacity, tp  is total pumping duration at time of 
measurement, rw is well radius and S is storativity.  Notice that transmissivity is used on 
both sides of the equation.  Theis et al. (1963) recommended using a table and a figure 
they provided to solve this.  Mace (2001) states that this equation can be solved 
iteratively using software like Microsoft Excel.  Iteration was used for this study to 
handle the large amount of specific capacity data compiled.   
Transmissivity values were estimated using specific capacity data from 378 well 
records (Appendix B).  Like screened interval identification, specific capacity 
information, when available, was keyed into a GIS database.  Then tables of specific 
capacity and well information were transferred to a Microsoft Excel worksheet where 
transmissivity was estimated using Equation 2.    
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Aquifer Tests 
 
Test Well Selection  
 
Although the hydrogeologic regions defined and refined by Bjorklund and 
McGreevy (1971) and Myers (2003) are useful to describe hydrogeologic changes 
areally, they lack ease in comparing changes in the vertical section.  Because of this, 
wells analyzed in this study were labeled and organized based on Robinson’s (1999) 
nomenclature (Table 1).  The categorization of each well is based on the hydrogeologic 
interval(s) into which it is screened.  This is better than trying to assign wells to general 
regions, and allows one to recognize the well based on specific hydrogeologic unit(s). 
Due to budget and time limitations, ideal test wells could not be drilled and 
constructed for this study.  To compensate for this, four private wells and three municipal 
wells were selected for testing (Table 2).  Few well owners would allow restriction of 
water use during the tests, which made finding appropriate test wells very challenging. 
Well records available from the Utah Division of Water Rights website database 
(http://waterrights.utah.gov/wellinfo) were systematically sorted through and the 
screened intervals were identified for as many wells as possible.  In order to properly 
organize all of the information, a spatial database was constructed.  Once screened 
intervals were identified and databased, a list of potential test wells was created.  From 
that list, well owners were contacted and asked if they would allow their wells to be 
tested. 
 Once the database was constructed, a list of wells appropriate for aquifer tests was 
created using several different criteria.  Well selection depended upon the well’s location, 
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depth, screened interval(s), pump configuration, ease of access and hardship on owner.  
Although the primary basis for well selection was the hydrostratigraphic unit into which 
each well was screened, the hydrogeologic regions as originally defined by Bjorklund 
and McGreevy (1971) were also considered.   
In order to estimate an effective transmissivity for a specific unit, the ideal test 
well had to be screened only within that unit.  If the well was screened into multiple 
units, the majority of the screen length (≥90%) had to be open within the unit of interest.  
The description of the screened interval from the test well’s record had to be clearly 
identified as the unit of interest, with sufficient evidence to insure that the proper unit was 
being tested. 
The water level, available drawdown and pump depth were also considered when 
choosing an appropriate test well.  Wells with little available drawdown were generally 
avoided.  Ideal test wells are those that can pump for a minimum of 1,000 minutes (min) 
without the water level going below the top of the pump or screen. 
Wells near other appropriate wells were also sought.  Multiple well tests allow for 
determination of both transmissivity and storativity, and eliminate the need for 
corrections for well loss and borehole storage.  However, the probability of finding two 
adjacent well owners that were willing to forgo water use for the duration of an aquifer 
test is significantly lower than finding just one well owner. 
Test wells with appropriate access points were necessary.  To successfully 
complete the test, an access point on the wellhead must be able to accommodate the 
transducer and/or an electric well sounder.  Appropriate test wells must also have a 
pumping discharge point for accurate discharge measurement. 
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Because permission from well owners was such a limiting factor, owners with 
alternate water supplies were ideal.  An alternate water supply would allow the owner to 
forgo using the test well without significant hardship. 
Five sites were selected for conducting the aquifer tests (Table 2).  The deciding 
factor for all of the aquifer tests was well owner cooperation. 
The Stevenson well was selected because it was drilled solely for irrigation 
purposes, as Mr. Stevenson’s domestic source of water was from Weston city, Idaho.  
The Stevenson well was also selected because it penetrates an unconfined alluvial aquifer 
(Qau).  The Stevenson well was found to be accessible and had an appropriate pump 
configuration for discharge control and measurement.   
The Tomkinson well was selected because it penetrated confined gravels (A2) in 
the western portion of Cache Valley, and because of its proximity to a neighboring well 
that penetrated the same hydrostratigraphic unit.  Unfortunately, the proximal well was 
unusable because it was a flowing well.  The Tomkinson well did not flow because it is a 
few feet higher than the proximal well.   
 The Henningsen well was selected because the owner has two neighboring wells 
screened to approximately the same elevations in the Salt Lake Formation (Tsl) in 
Bjorklund and McGreevy’s (1971) area 2.  Unfortunately, the well with a complete well 
record was too deep and contained too many obstructions to allow water-level 
measurement equipment to be installed in it.  
The Luthy well was selected because it penetrates the Salt Lake Formation (Tsl) 
in Bjorklund and McGreevy’s (1971) area 5, and because of its proximity to a 
neighboring well.  Unfortunately, the owners of the neighboring well were unavailable 
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for contact so only one well could be used for the test. 
Logan City allowed access to its wells for the test of the principal aquifer (A2).  
Although previous tests have been conducted using Logan city wells, a multiple-well 
pumping test lasting longer than 400 min had not been conducted.  The Logan city wells 
are ideal because they are screened through the entire thickness of the principal aquifer 
and are close to each other.  The wells selected for the aquifer test are the Crockett 
Avenue well and the River Park well.  The River Park well is accessible and does not 
have a pump, making it a good observation well.  It is less than 1,000 ft from the Crockett 
well, which ensured that measurable drawdown effects would be observed in the River 
Park well.  Logan City’s Center Street well, located approximately 5,000 ft from the 
River Park well, also influenced the aquifer test. 
 
Testing Procedure 
Although each test for this study was associated with a very unique hydrogeologic 
setting which called for a variety of quantitative methods, the general test procedure was 
similar for all of the tests. 
Several steps were taken to prepare for each aquifer test.  The immediate area 
around each test well underwent a detailed survey to ensure that the site was appropriate 
for testing.  First, the well was inspected to ensure that the well parameters listed on the 
well driller’s record matched those of the well in the field.  Once the well identity was 
verified, a GPS location was recorded and well stick-up was measured.  The well was 
then examined for accessibility, including a transducer access point and an appropriate 
discharge point.  Water line connections to the well were also examined to ensure a 
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pressure tank bypass, which would ensure a constant discharge.  The power shutoff for 
the well pump was also located and noted for future use.   
Upon accessing the well, an initial water level measurement was taken manually 
with both a steel tape and an electric well sounder.  The well driller’s record specific 
capacity data and static water level measurements (when available), in combination with 
the initial water level measurement, allowed for an estimate of the amount of drawdown 
anticipated during approximately 1,000 min of pumping.   
Geokon 4500H vibrating-wire transducers were used to measure the water level 
changes, and a Campbell Scientific CR10X data logger recorded the water levels 
electronically.  Selection of the pressure transducer range was based on potential 
drawdown.  Transducers used in this study have ranges of 5, 10 or 25 pounds per square 
inch (psi).  Transducers that can accommodate a larger drawdown range have decreased 
precision in measuring water levels.  Transducers must be lowered to a depth deeper than 
the greatest possible drawdown, but shallower than the maximum range of the transducer.  
The data logger also simultaneously recorded barometric pressure measurements taken 
using a CS105 barometric pressure sensor in case there were any barometric fluctuations 
during the tests performed on wells screened in confined aquifers. 
Each test consisted of three basic sets of measurements: background, pumping 
and recovery.  Ideally, each set of measurements should span three log cycles of time 
(i.e., 1,000 min).   
Background measurements were taken when the pump was turned off.  Frequency 
for background measurements ranged from 10 to 30 min for at least 1,000 min.  These 
measurements were recorded in an attempt to detect any antecedent trends from sources 
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other than the test well itself.  If antecedent trends were detected they were removed from 
the drawdown data during quantitative analysis.   
Water level measurements were taken on a logarithmic time scale during the 
actual pumping test, with measurements every minute for the first 100 min, and every 10 
min until the end of the test at 1,000 min.  For two of the tests, measurements were taken 
every six seconds for the first 10 min. 
Discharge measurements were taken periodically to ensure that a constant 
discharge rate was maintained.  For the privately owned wells, discharge measurements 
were recorded using a stopwatch to record how quickly a five-gallon bucket was filled.  
The discharge of the Crockett and Center Street wells were measured with in-line 
discharge meters, and the discharges were averaged over pumping times to level out 
slight variations in the pumping rates. 
Water levels were also measured after the well’s pump was turned off while the 
water levels were returning to static.  Measurements were taken on a logarithmic time 
scale identical to that used during the pumping test.  Measurements were taken until the 
water levels had returned approximately to static.  In some cases, water levels returned to 
a level higher than the original static water level. 
 
Analytical Methods 
AQTESOLV (Duffield, 2006), an aquifer test analysis software, was used to 
analyze the aquifer test data.  The analytical methods available using AQTESOLV that 
were employed in this study are: Theis (1935), Theis (1935) straight-line recovery, 
Cooper-Jacob (1946) straight-line, Warren and Root (1963), and Neuman (1975).  
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 The Theis (1935) method is a robust method that can be applied to a number of 
hydrogeologic settings.  This method was the first method developed for transient flow, 
meaning that water levels have not reached steady state.  The original Theis method is 
limited to fully penetrating wells, but Hantush (1960) made it possible for this method to 
be applied to partially penetrating wells.   
 In its original form, the Theis (1935) method is only applicable to confined 
aquifers.  However, the method can be applied to unconfined aquifers by adjusting the 
drawdown data (Jacob, 1944). 
 The Theis (1935) straight-line method for recovery data is based on the same 
principals as the original Theis (1935) technique.  The Theis straight-line recovery 
method can be applied to both confined and unconfined conditions (Kruseman and de 
Ridder, 1994). 
 Another straight-line method with roots based on the Theis (1935) method is the 
Cooper-Jacob method (1946).  The Cooper-Jacob method can be useful when matching a 
Theis type curve to data poses a challenge, such as discharge fluctuations, irregularities in 
the early-time data or the presence of inflection points caused by boundaries. 
 The Neuman (1975) method is a transient flow solution similar to the Theis 
(1935) method.  However, the Neuman method accounts for fully or partially penetrating 
wells in homogeneous, anisotropic unconfined aquifers with delayed gravity response. 
Negligible amounts of wellbore storage are assumed for this method. 
While the above-mentioned methods can be suitable for consolidated and 
unconsolidated materials, in some cases the materials may have dual porosity from 
fractures.  A simple method to analyze pumping data from a dual-porosity aquifer is the 
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Warren and Root method (1963).  
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CHAPTER IV 
 
SPATIAL DATA 
 
 
Screened Unit Identification 
 
Databasing screened unit intervals from well drillers’ logs resulted in a map 
displaying the distribution of screened intervals in Cache Valley, Utah (Figure 11).  The 
distribution of A1 and A2 wells falls mostly within Robinson’s (1999) principal aquifer 
area, which is nearly identical to Bjorklund and McGreevy’s (1971) area 1(Figure 3).  
The distribution of the screened intervals conforms with the description by Bjorklund and 
McGreevy. 
The largest concentration of unconfined alluvial and colluvial deposits lies within 
Bjorklund and McGreevy’s (1971) area 2 (aka, the Little Bear River area south of 
Hyrum), which contains wells penetrating the Salt Lake Formation as well as alluvial and 
colluvial deposits.  Shallower wells generally penetrate the alluvial deposits of the Little 
Bear River.  Near the margins of Paradise Valley, a few shallower wells penetrate 
landslide deposits.   
 Although Bjorklund and McGreevy (1971) did not mention the Salt Lake 
Formation in area 2 as a viable water supply, the higher producing wells in this area tap 
this unit.  In the well drillers’ records the Salt Lake Formation is described as a fractured 
limestone in the south (area 2), and a loosely consolidated conglomerate in the north 
(area 5).  Discrepancies with descriptions by Bjorklund and McGreevy could be due to 
their access to a different set of well logs.  Many of the wells in use in 1971 have been 
abandoned, destroyed or never had water rights. 
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Figure 11: Map showing relationship between hydrogeologic areas delineated by 
Bjorklund and McGreevy (1971) and distribution of screened intervals.   
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Bjorklund and McGreevy (1971) do mention Tertiary rocks in their description of 
area 3, and that is reflected by the dominance of wells tapping Tertiary units in the 
western part of the valley.  The northern part of area 3 is dominated by wells penetrating 
a thin gravel layer (A2) confined between two clay layers.  Although these wells are 
classified as the same unit (A2) as a majority of the principal aquifer wells, they are 
neither directly nor significantly connected to the principal aquifer.  The gravels reported 
in the well logs in this area are generally finer than those reported in the principal aquifer 
well records.   
The southern part of area 3 is dominated by wells penetrating the Tertiary 
Wasatch and Salt Lake Formations.  The Wasatch Formation in this area was 
distinguished in well drillers’ records as a conglomerate with a reddish matrix. 
Well density in areas 4, 7, and 11 is low.  Most wells in the area are fairly deep 
and penetrate the Salt Lake Formation or pockets of confined gravels (A2).  The low well 
density in this area may be partly due to the lower population density, and because the 
gravels in the center part of the valley are more clay rich, it can be challenging to find a 
gravel package that produces an adequate supply of water. 
The Cove/Richmond area (area 5) contains a variety of hydrogeologic units.  In 
the foothills of the Bear River Range on the east side of area 5, most of the wells 
penetrate the Salt Lake Formation.  Further west, most of the wells penetrate confined 
gravels (A2), except for some wells that penetrate unconfined alluvium.   
The Clarkston area (area 6) is dominated by wells penetrating either alluvial 
material or the surrounding shallow bedrock.  Most of the alluvial wells penetrate 
deposits of Clarkston/Newton Creek.  The description from well drillers’ records of the 
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bedrock matches descriptions of the Salt Lake Formation. 
 
Transmissivity 
 
Transmissivity from Aquifer Tests 
 Transmissivity estimates were compiled from existing aquifer test data (Appendix 
A).  Each test selected for the compilation had to have a drawdown curve with enough of 
a trend to be matched to a theoretical curve.  Some tests were recalculated due to either 
poor calculations or lack of calculations.  The method(s) used are noted in Appendix A.  
 The results of these tests were combined with the transmissivities estimated from 
well drillers’ records, and are displayed on a map of the valley (Figure 12).  As with the 
transmissivities estimated from specific capacities, the transmissivity values are highest 
within the extent of the principal aquifer and decrease radially. 
 The mean transmissivity for each of Robinson’s (1999) seven units is similar for 
the aquifer test (Table 3) and specific capacity data (Table 4).  As with the 
transmissivities estimated from specific capacity, the lower confined gravels (A2) had the 
highest mean transmissivity of 57,000 ft2/day, and the Quaternary age material had the 
lowest mean transmissivity of 160 ft2/day.  Except for the Quaternary material and the 
Salt Lake Formation, estimates of transmissivity from the aquifer tests were much higher 
than those from the specific capacity data.  
It is important to note that the lowest estimates of transmissivity from specific 
capacity were from deltaic material (C1) and the Wasatch Formation (Tw), neither of 
which have any aquifer test data available.   
A table showing the aquifer tests in each area was excluded for several reasons.  
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Figure 12:  Distribution of transmissivity and specific capacity values from all data 
sources. Notice that most of the highest transmissivity and specific capacity values fall 
within Bjorklund and McGreevy’s (1971) area 1 (principal aquifer).  
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Table 3:  Summary statistics of transmissivity from compilation of existing aquifer tests.  
Most of the aquifer tests performed to calculate transmissivity for Qau were slug tests. 
Unit Qau A1 A2 Tsl Pzu 
Count: 26 7 17 8 4 
Minimum: 0.0392 1,430 67 9.7 509 
Maximum: 3,500 20,000 320,000 3,500 36,000 
Mean: 155 11,961 56,715 843 9,877 
Standard Deviation: 672 5,767 78,015 1,108 15,087 
 
 
Table 4:  Transmissivity values (ft2/d) estimated from specific capacity information from 
well drillers’ records.  The values are separated into identified screened units using 
Robinson’s (1999) nomenclature.  Nine of the wells were screened over multiple 
intervals and were excluded from this table. 
Unit Qau C1 A1 A2 Tsl Tw Pzu 
Count: 33 3 17 152 141 17 6 
Minimum: 34 43 13 12 1 4 15 
Maximum: 16,740 726 16,740 606,503 33,694 2,473 32,512 
Mean: 995 280 2,664 11,678 1,252 349 7,164 
Standard Deviation: 2,831 316 4,073 50,570 4,464 563 11,626 
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First, most of the aquifer tests performed were very unit specific and did not necessarily 
focus on the primary units of each area as defined by Bjorklund and McGreevy (1971).  
For example, 20 of the tests conducted were slug tests on the Qau.  Although the results 
of these tests may be very descriptive in terms of units, they are not limited to individual 
areas as defined by Bjorklund and McGreevy.  Second, there are a relatively small 
number of aquifer tests available (62) and when distributed into each area, it is 
impossible to compose a table of statistically relevant information.  Finally, 12 tests are 
outside the areas delineated by Bjorklund and McGreevy, but are still within the valley 
margins and still considered relevant to the study. 
 
Transmissivity from Specific Capacity 
Specific capacity values obtained from well drillers’ records were used to 
estimate transmissivity using Equation 2.  The transmissivities of 378 wells were 
estimated and keyed into a spatial database.  The table from that database can be found in 
Appendix B. 
There were several records that contained specific capacity information that were 
disregarded due to poor quality data.  Well records where drawdown was noted as “0” in 
the specific capacity data were disregarded.  Disregarding wells with no observable 
drawdown may cause the mean transmissivities to be skewed toward values lower than 
the actual mean transmissivities.  Transmissivity values may also be affected by well 
development occurring during or after specific capacity measurements by the driller 
(Mace, 2001), and may yield transmissivities that are lower than the actual 
transmissivities because undeveloped wells are not yet at optimal efficiency.  Air-lift 
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tested wells were generally disregarded because the process of air-lift pumping makes 
accurate water level measurements difficult.  Finally, a minimum time for specific 
capacity tests was not imposed.  
Because the screened units were identified and the wells can be grouped areally 
using the GIS database, transmissivity estimates can be presented in two ways.  First, 
values grouped within the seven identified screened units using Robinson’s (1999) 
nomenclature will be described (Table 4).  Then, transmissivity values for seven of the 
eight areas (area 7 was excluded because no Utah wells fell within this area) delineated 
by Bjorklund and McGreevy (1971) will be discussed (Table 5). 
 Transmissivity of each hydrogeologic unit.  The Quaternary alluvium and 
colluvium had a mean transmissivity of 1,000 ft2/d (Table 4).  However, this value is only 
based on transmissivities estimated from 33 wells and may be an inaccurate average for 
the valley’s Quaternary age units.  The transmissivity of Quaternary deposits should vary  
quite dramatically with location due to their lack of homogeneity.   
Only three wells were screened exclusively into deltaic material (C1).  Although 
Robinson (1999) proposed that this unit has the highest transmissivity in the valley, a low 
saturated thickness of the unconfined portions of this aquifer could be causing the low 
mean transmissivity of 280 ft2/d.  Most wells screened into this unit are also screened into 
A2 and the Salt Lake Formation. 
 The upper confined gravels (A1) have a mean transmissivity of 2,700 ft2/d, which 
is much lower than the mean transmissivity of the lower confined gravels (A2).  This is 
because A1 is much thinner than A2 (Table 1).  Also, well drillers’ records generally 
report units represented as A1 as finer than those of A2.  
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Table 5:  Transmissivity values (ft2/d) estimated from specific capacity information from 
well drillers’ records.  The values are separated into the different spatial areas delineated 
by Bjorklund and McGreevy (1971).  Seventy of the transmissivity estimates from well 
records are outside of these areas. 
Area 1 2 3 4 5 6 11 
Count: 123 22 108 3 35 13 4 
Minimum: 3 12 1 25 27 2 12 
Maximum: 606,503 3,657 73,351 1,442 33,694 2,938 582 
Mean: 13,833 681 2,012 650 3,667 343 169 
Standard Deviation: 55,452 837 10,119 590 7,619 757 239 
 
 The lower confined gravels (A2) had the highest mean transmissivity of 12,000 
ft2/day.  The sample size of 152 wells makes this a fairly reliable estimate of 
transmissivity for this unit.  The standard deviation is quite large, though.  
The mean transmissivity of the Salt Lake Formation (Tsl) was 1,300 ft2/day, about 
four times higher than that of the Wasatch Formation, which had a mean transmissivity of 
about 350 ft2/day.  This may be due to some A2 wells being misidentified as Tsl wells.  
Also, the Salt Lake Formation has a greater areal extent increasing the probability of 
heterogeneity, and therefore the standard deviation of the data.  The eastern portions of 
the Salt Lake Formation have a relatively high saturated thickness (around 1,000 ft), 
which may increase the average transmissivity.  The transmissivity of the Salt Lake 
Formation also may be higher because it is usually thicker than the Wasatch Formation 
(Smith, 1997).  However, the sample size of the Salt Lake Formation is much larger (141 
wells) than that of the Wasatch Formation (17 wells), making an accurate and 
representative comparison challenging.  
Only six wells screened in Paleozoic rocks provided reliable transmissivity 
estimates from specific capacity data.  The mean transmissivity value estimated from 
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these wells was a relatively high value of 7,200 ft2/d.  Most of the porosity of these units 
is probably from secondary factures or solution openings in the rocks. 
 Transmissivity in each hydrogeologic area.  As with the transmissivities estimated 
from aquifer tests, transmissivity values estimated from well drillers’ records were highest 
in the principal aquifer (area 1) and decreased radially.  The mean transmissivity value for 
area 1 was 14,000 ft2/d.  This is comparable to that of Bjorklund and McGreevy (1971).  A 
maximum value of 600,000 ft2/d might be skewing the average higher, as this value is 
almost an order of magnitude greater than the next highest value of 84,000 ft2/d. 
Area 2 had a low transmissivity value of 680 ft2/d.  This is at least partially due to 
the dominance of Quaternary alluvium and the Salt Lake Formation in this area. 
 The mean transmissivity for area 3 is 2,000 ft2/d.  This most likely represents the 
Wasatch and Salt Lake Formations in this area.  However, the mean might be skewed 
higher as a result of a few unusually high values.  For example, the maximum 
transmissivity value of 73,000 ft2/d is identified as the confined gravel unit (A2).  
However, well drillers’ records generally describe the confined gravels in this area as iron 
rich and containing a sulfur smell, and they are not usually described to be as large as the 
gravels on the east side of the valley. 
 Wells in area 4 generally tap unconfined alluvium (Qau), the Salt Lake Formation 
that underlies the unconsolidated deposits or confined intermittent gravel lenses which 
could technically be considered A2.  All of these units likely would have low 
transmissivities.  All three wells in area 4 used to estimate transmissivity are screened 
into gravel lenses (identified as A2).  Based on these wells, the mean transmissivity for 
this area is 650 ft2/d.  
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The Smithfield/Cove area (area 5) has a mean transmissivity of nearly 4,000 ft2/d.  
This value falls on the high end of Bjorklund and McGreevy’s (1971) given range of 
1,000 to 4,000 ft2/d.  This relatively high value is attributed to several wells that penetrate 
a continuation of the principal aquifer.  Also, the Salt Lake Formation appears to be fairly 
transmissive in this area. 
The Clarkston area (area 6) has a mean transmissivity of 340 ft2/d.  This is 
probably because most of the wells tap alluvial material.  Bjorklund and McGreevy 
(1971) did not include a transmissivity estimate for this region, but correctly assumed that 
it was low. 
Area 11 is very hydrogeologically similar to area 4, except that area 11 has 
intermittent gravel lenses and thinner unconsolidated deposits.  The four wells used to 
estimate the mean transmissivity of 170 ft2/day all are screened into A2 (gravel lenses). 
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CHAPTER V 
 
AQUIFER TEST RESULTS 
 
 
Weston Creek Subvalley 
 
Well Information 
The Arthur Stevenson well is located about 300 ft north of Main Street and 250 ft 
west of 100 East in Weston, Idaho (SW ¼ NE ¼ Sec 14 T16S R38E ID) at an elevation 
of 4,732 ft above mean sea level (amsl) (Figure 13).  Although this well is outside the 
study area, the aquifer material that it is screened into extends into the study area.  The 
well is at the northeast corner of a previously tilled area about one acre in size owned by 
Stevenson and is slightly downgradient from the rest of Stevenson’s property.  The well 
supplies irrigation water for Stevenson’s yard, while Stevenson obtains his domestic 
water supply from the city of Weston.  
The well was used to measure the properties of the alluvial fan aquifer below 
Weston.  The aquifer thickness chosen was 53 ft.  This value is the difference between 
the total depth of the well’s borehole (65 ft; Table 2) and the static water level (12 ft)  It 
is located in Bjorklund and McGreevy’s (1971) area 7(Figure 3).  The Stevenson well is 
screened into unconfined alluvial material.  Because there is no record of clay at the 
bottom of the Stevenson wellbore and because Bjorklund and McGreevy (1971) claim 
that deposits in the Weston area can be up to 1,000 ft deep, one can assume that this well 
is partially penetrating.  It is 65 ft deep, with 60 ft of 6-inch (in.) diameter steel casing 
perforated 80 times from 40 to 60 ft.  The well was gravel packed to a diameter of 13 in 
from 18 to 60 ft.  See the well record in the Appendix C for more information on this  
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Figure 13:  Location of the Stevenson well. 
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well.   
The pump for the Stevenson well is equipped with a timed switch with manual 
override.  The well owner was concerned that having only one open spigot would create 
excessive pressure in the discharge line and pump, so two adjacent spigots directly 
connected to the well were used as the discharge points for the test.  Equipment 
limitations and owner requests required that water discharging from the spigots be used 
to irrigate his field directly uphill of the well.  To prevent flooding of the slightly sloping 
field, the owner requested that the irrigation hoses from the spigots be moved 
periodically, which could have potentially caused variations in discharge.  The field that 
was irrigated during the test was well tilled and gravelly.  Although the ground was 
saturated after several hours of pumping, no overland flow was observed.   
Two tests were completed using this well.  During the first test water levels in the 
well dropped dangerously close to the transducer, affecting the quality of the resulting 
data.  Also, there was a significant amount of precipitation in the Weston area during test 
one.  After examining the data from the first test, it was decided that another test would 
be necessary. 
 
Background – Test 1 
 Background measurements began at 1240 on September 27, 2007 (Figure 14).  
Measurements were taken every 10 min.  The static water level was recorded at exactly 
12.00 ft below the ground surface.  A 5 psi transducer was set to 18.6 ft below the ground 
surface, which was 6.6 ft below the water surface.  The water level declined 0.24 ft over 
416.5 min, with background measurements ending on September 27 at 1936:30.  Relative 
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to the observed drawdown and recovery water level changes, this decline is insignificant. 
 
Pumping – Test 1 
The pump was turned on at 1937 on September 27, 2007 at a steady rate of 20 
gallons per minute (gpm).  The drawdown was 5.42 ft by the end of the test 838 min later 
at 0935 on September 28.  Significant variations were observed in the pumping 
hydrograph (Figure 14), although the general trend was downward.  An upward spike 
was observed around 3.5 min after pumping began.  The water level dropped close to or 
below the transducer 9.5 min after pumping began.  The maximum drawdown of 6.38 ft 
occurred at this time.  It is possible that the transducer stayed at least partially submerged 
during this time.  At 10.5 min the water level began to rise, re-submerging the transducer, 
and continued to rise until 16.5 min with a total rise of 1.1 ft.  After approximately 13 
min of pumping, major fluctuations ceased and only minor oscillations remained.  These 
oscillations started at an amplitude of 0.1 ft and increased to 0.4 ft by the end of pumping. 
After 113 min the transducer was lowered 5.2 ft to accommodate further 
drawdown.  The hydrograph was adjusted to compensate for the change in transducer 
depth. 
 
Recovery – Test 1 
 Recovery data for this test were smooth and complete (Figure 14).  There was no 
apparent interference with recharge.  Starting at 0935 on September 28, 2007, the water 
level rose 5.56 ft by the time recovery measurements ended 365 min later at 1540.   
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Figure 14:  Hydrograph from the Stevenson well during the first aquifer test.  Note the 
sharp drop at 9.5 min.  
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Background – Test 2 
Background observations for the second test started at 0747 on October 1, 2007 
and continued for 643.9 min until 1830:54.  A 25 psi pressure transducer was set 13.83 ft 
below the water surface.  The static water level was measured at 12.03 below ground 
surface.  There was 0.2 ft of water level variation during this period, as the maximum 
depth to water was 12.12 ft at 1827:30, 0.09 ft below the initial water level, and the 
minimum depth to water was 11.92 ft at 1040, 0.11 ft above the initial water level (Figure 
15). 
 
Pumping – Test 2 
Pumping started at 1830:54 on October 1, 2007 at a constant rate of 20 gpm.  A 
maximum drawdown of 5.99 ft was reached 3.8 minutes after pumping began.  At 6.3 
min the water level reached the minimum drawdown of 3.24 ft.  After this time the data 
assumed the shape of a typical drawdown curve (Figure 15).  However, water level 
oscillations with an amplitude of 0.1 ft began after approximately 35 min of pumping and 
increased to an amplitude of 0.2 ft by end of the pumping period at 0709:30 on October 
2, 758.6 min after pumping began, when the drawdown was 5.33 ft. 
 
Recovery – Test 2 
Due to equipment malfunctions recovery data were collected for only 3.9 min, 
which is not long enough for complete recovery.  Recovery began at 0709:30 on October 
2 with 4.73 ft of recovery after 3.9 min. 
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Figure 15:  Hydrograph from the Stevenson well during the second aquifer test.  Note the 
sharp drop at 3.8 min.  
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Analysis – Tests 1 and 2 
 During both pumping tests, significant fluctuations in water levels were observed 
in the early-time data.  Due to its occurrence in both tests, this feature appears to be a 
reaction of the actual system, not just equipment problems.  Late-time data are not 
reliable because drawdown had been reduced by what was most probably recharge.  
Early-time data for the first Stevenson pumping test is too sporadic for reliable analysis.  
Therefore, only the early-time data for the second aquifer test were analyzed. 
 The pumping data from the second test were analyzed using the Cooper-Jacob 
(1946) method with AQTESOLV (Duffield, 2006), and even with the disruption of the 
late-time data, the results of this analysis provide the most reliable transmissivity estimate 
of 200 ft2/day (Figure 16) from the two tests on the Stevenson well. 
The recovery data from the first test were analyzed using the Theis (1935) 
recovery method.  Although this method was developed for confined aquifers, the Theis 
recovery method is applicable to unconfined aquifers for late-time recovery data after the 
effects of elastic storage become negligible (Kruseman and de Ridder, 1994).  The 
transmissivity estimated using this method was 3,000 ft2/d (Figure 17). 
 
Western Confined Gravels 
 
Well Information 
 The well used for this test is owned by the Tomkinson family.  Its current water 
right number is 25-9934 and its well identification number is 25777.  The well is at an 
elevation of 4,471 ft amsl and located just south of the town of Newton, Utah at N1340 
W200 SE 19 T13N R1W SL (Figure 18).  This well consists of 180 ft of 6-in casing with 
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Figure 16:  Cooper-Jacob (1946) analysis using AQTESOLV (Duffield, 2006) of 
drawdown data from the Stevenson well during the second test.  
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Figure 17:  Theis (1935) analysis using AQTESOLV (Duffield, 2006) of recovery data 
from the Stevenson well during the first test. 
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Figure 18:  Location of the Tomkinson well and Newton, Utah. 
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1.5 ft of stickup, placing the bottom of the well at 178.5 ft below the ground surface.  
This well penetrates unconsolidated sediments and is confined by two clay layers, one 11 
ft thick and the other 26 ft thick.  It is screened from 147 to 167 ft within high-
permeability sand and gravel (A2).  The static water level measured by the well driller 
was 6.5 ft below the ground surface.  See Appendix C for the well driller’s record. 
This well fully penetrates the aquifer.  Above the screened interval (147-162 ft) is 
a five foot thick clay-rich gravel layer.  The driller’s log also makes note that the 
borehole ends in clay.  The aquifer thickness is 15 ft, the thickness of the screened 
interval. 
Because the data-logger malfunctioned during the first test, a second test was 
performed.  The drawdown data display a significant amount of variation during both 
tests, likely due to a non-constant discharge rate. 
 
Background – Test 1 
 Background measurements began at 2000 on August 5, 2007 and were taken 
every 30 min for 720 min until 0800 on August 6.  The static water level was 3.80 ft 
below ground surface.  A 25 psi pressure transducer was set 9.86 ft below the water 
surface.  At 2200 the water level dropped inexplicably 0.35 ft (Figure 19).  The drop 
could be caused by a nearby neighbor’s well (identification number 23298) pumping.  
Other than the drop, there was 0.25 ft of water level variation, with no apparent 
relationship to barometric pressure and no trends (Figure 19). 
 
Pumping – Test 1 
Pumping started at 0806 on August 6, 2007 at a rate of 5.4 gpm.  Large water 
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Figure 19:  Hydrograph from the Tomkinson well during the first aquifer test. 
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level fluctuations occurred during pumping, especially at early times (Figure 19).  These 
fluctuations were most likely caused by a non-constant pumping rate, but could have 
been due to equipment problems.  The maximum drawdown was 2.21 ft from a static 
water level of 3.83 feet below ground surface by the time the well was shut off after 725 
min at 2011 on August 6.  
 
Recovery –Test 1  
No recovery data were obtained because of equipment failure. 
 
Background – Test 2 
Background measurements started at 2020 on May 6, 2008 and were taken every 
20 minutes for 640 min until 0700 on May 7.  The static water level was 3.15 ft below 
ground surface.  A 25 psi pressure transducer was placed 12.63 ft below the water 
surface.  There was 0.2 ft of water-level variation, with no apparent relationship to 
barometric pressure and no definable or discernible cyclical trends (Figure 20).   
 
Pumping – Test 2 
Pumping started at a rate of 5.4 gpm at 0715:30 on May 7, 2008.  Due to the well 
owner’s use of inside water sources, the discharge was sufficiently variable to disrupt the 
drawdown data (Figure 20).  The maximum drawdown observed was 3.2 ft.  The pump 
was shut off at 1955:30 after a total pumping time of 760 min. 
 
Recovery – Test 2 
 Recovery measurements ended at 0610 on May 8, 2008, and the water level 
recovered 2.85 ft during the 614.5 min recovery period.  These data were the smoothest  
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Figure 20:  Hydrograph from the Tomkinson well during the second aquifer test.
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and best suited to analysis of all of the measurements.  Minor inflection points are present 
at approximately 10, 15, 25, 175, 215 and 445 min. 
 
Analysis – Tests 1 and 2 
 Significant displacement variations during the first and second drawdown tests 
limited the ability to match theoretical curves to the datasets.  The most reliable dataset 
was the recovery data from the second test.  However, drawdown data from the first test 
were also analyzed. 
 The drawdown data were analyzed using the Cooper and Jacob (1946) method, 
which yielded a transmissivity estimate of 500 ft2/d (Figure 21).  The Theis method was 
not applied because early-time data were erratic, making a Cooper-Jacob line easier to 
match to late-time data.  The Cooper-Jacob method can be applied in this instance 
because the bottom clay layer from 162 ft to the bottom of the well effectively makes this 
a fully penetrating well. 
 The recovery data were analyzed using the Theis (1935) straight-line recovery 
method and produced a transmissivity estimate of 900 ft2/d (Figure 22).  Early-time (i.e., 
large t/t’) recovery data were also ignored because, like the Cooper and Jacob (1946) 
method, the Theis straight-line method is based on the assumption that the Theis “u” is 
less than 0.01 (i.e., t’ is large). 
 
Southern Salt Lake Formation 
 
Well Information  
The Henningsen well is located at N1818 E4057 SW 26 T10N R1E SL at an 
elevation 5,277 ft amsl.  Its current water right number is 25-10782.  The well is 8 in in 
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Figure 21:  Cooper-Jacob (1946) analysis using AQTESOLV (Duffield, 2006) of 
drawdown data from the Tomkinson well during the first test. 
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Figure 22:  Theis (1935) analysis using AQTESOLV (Duffield, 2006) of recovery data 
from the Tomkinson well during the second test. 
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diameter and 248 ft deep.  The well owner was present when the well was drilled, and 
informed me that the driller perforated the bottom 10 ft of the well.  An electric 
submersible pump powered by a gasoline generator was used for this test. 
Although this well does not have a well driller’s record, Henningsen provided a 
well record from an adjacent well (25-9525) that he also owns.  The log for this well is 
provided in Appendix C.  This well is 1,413 ft away at an azimuth of 120 degrees from 
the well tested (Figure 23).  This well was not used because of access problems for water 
level and discharge measuring equipment.  The water levels in the two wells were very 
close in elevation, implying that the wells penetrate the same aquifer. 
Geologic maps (Mullens and Izett, 1964; Smith, 1997) and drillers’ log 
descriptions indicate that these wells penetrate is the Salt Lake Formation.  Because there 
are no definite confining units in the driller’s log and because the water level in the 
adjacent well is very close to that of the top of the producing interval, it is assumed that 
the Salt Lake Formation in this area is unconfined.  Because the exact location of 
underlying confining units is unknown, the aquifer thickness is assumed to be difference 
between the well depth (459 ft) and the static water level (352 ft), which is 107 ft. 
 
Background 
Background measurements were recorded every 20 min for 1,080 min from 1440 
on May 14, 2008 to 0840 on May 15.  The static water level was 137.42 ft below land 
surface.  Measurements were taken using a 25 psi pressure transducer set at 12.70 ft 
below the water surface.  Water level variations were less than 0.06 ft (Figure 24).  
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Figure 23:  Geologic map of the Henningsen well location (modified from Mullens and 
Izett, 1964). 
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Figure 24:  Hydrograph from the Henningsen well.  
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Pumping 
Pumping started at 0847:18 on May 15, 2008 at a discharge of 6.4 gpm. The 
maximum drawdown was 0.43 ft by the end of pumping 743.7 min later at 2111 (Figure 
24).  There are two inflection points where the slope of the drawdown curve changes.  
The first point occurred 1.4 min after pumping began, when the slope decreased.  The 
second point occurred at 212.7 min after pumping began, when the slope increased and is 
not readily apparent in Figure 24. 
 
Recovery 
The pump was turned off at 2111 on May 15, 2008.  After 1.2 min and with 0.189 
ft of residual drawdown, the water level dropped rapidly to 0.625 ft until resuming 
recovery at 4.1 min (Figure 24).  After 14.2 min the residual drawdown was 0.131 ft.  
Residual drawdown was at 0.028 ft by the end of recovery measurements 1,049 min later 
at 1440 on May 16. 
The sudden drop in water level during recovery is most likely a harmonic 
underdamped response (Van der Kamp, 1976).  Another less likely explanation is that a 
neighbor’s well could have been pumping, although the nearby reference well (25-9525) 
was not pumping.  Because of the drop, the recovery data are considered unreliable 
relative to the pumping data. 
There was an inflection point 469 min after pumping ended.  It is possible that 
this could be due to nearby pumping interference.  Well 8155 (identification number) is 
approximately 700 ft northeast of the Henningsen well and is used for domestic supply.  
It is possible, though not clearly supported, that pumping from this well could affect 
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water levels in the Hennningson well.  However, background and pumping data do not 
show the significant amount of interference that one would expect from a nearby 
pumping well. 
 
Analysis 
There are three explanations for the zigzag-shaped drawdown curve recorded 
from the Henningsen well (Figure 25): this is purely a delayed gravity response of the 
well tapping an unconfined aquifer, the water levels are responding to a combination of 
delayed gravity response and boundary effects, or the well penetrates dual porosity 
material. 
One possible explanation is that the well is simply exhibiting effects seen in 
unconfined aquifers as described by Boulton (1963).  Boulton described this response as 
having three parts: within the first few minutes, the unconfined aquifer acts as a confined 
aquifer where the water from the aquifer is released instantaneously from storage by the 
expansion of the water and the aquifer compaction, then gravity drainage dominates 
lessening the rate of drawdown and finally, gravity drainage ceases and water levels 
approach a quasi-steady state.  Although this is possible, it is unlikely, because the 
second major inflection point in the data was not observed until 212.7 min after pumping 
began and the late-time response associated with phenomena described by Boulton is 
usually exhibited much earlier.  Using AQTESOLV (Duffield, 2006), the Neuman (1975) 
method was applied to the data, resulting in a transmissivity of 1,300 ft2/d (Figure 25).  
The Neuman method was used because it is appropriate for analyzing data from 
unconfined aquifers exhibiting behaviors as described by Boulton (1963). 
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Figure 25:  Neuman (1975) analysis using drawdown data from the Henningsen well. 
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A likely explanation for the zigzag shape of the drawdown curve is a combination 
of delayed gravity response at early times and the effect of a low permeability boundary 
at late times.  The first inflection point could be explained by delayed gravity response 
commonly exhibited by unconfined aquifers.  The second inflection point can be 
explained by a low permeability boundary possibly caused by a nearby fault.   
 The radius from the image well created by a low permeability boundary for a 
single-well pumping test can be estimated using a technique from Strausberg (1967) 
using a variation of the Cooper and Jacob (1946) method: 
r୧ ൌ  ට
ଶ.଴଼כଵ଴షరT୲౥
S
                                              ሺEquation 3) 
where ri is the radial distance to image well, T is the transmissivity estimated from early-
time data, S is the storativity estimated from early-time data and to is the time of 
inflection point.  Using the maximum and minimum values of 0.3 and 0.005 from the 
range of storativity values recommended by Strausberg (1967) for unconfined aquifers, 
the distance to the image well from the Henningsen well ranges from 45 to 350 ft.  
Because the boundary is half the distance from the image well to the pumping well, the 
approximate distance from Henningsen’s well to the possible boundary ranges from 23 to 
175 ft (Figure 26), assuming that the storativity of the Salt Lake Formation in this area 
falls within the range of recommended values. 
An alternative hypothesis is that the drawdown data are exhibiting behavior 
characteristic of a dual porosity aquifer.  The zigzag shape of the drawdown curve closely 
matches the theoretical curve presented by Kruseman and de Ridder (1994) caused by a 
dual porosity aquifer.  The Salt Lake Formation is a weakly cemented conglomerate in  
75 
  
 
Figure 26:  Map showing radial distance of 175 ft from the Henningsen well to a low 
permeability boundary assuming a storage value of 0.005.  Fault location from Smith 
(1997). 
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this area.  The Warren and Root (1963) method was applied to the data.  Results of this 
analysis give a fracture transmissivity of 1,000 ft2/d (Figure 27).   
The proximity to a fault could support both hypotheses.  The Henningsen well is 
close to the East Cache fault zone, and therefore if it is significantly lithified it may be 
fractured in this area and could have significant secondary fracture porosity in addition to 
primary intergranular porosity.  However, the fault could act as a low permeability 
boundary because of greater intergranular cementation and clay smearing. 
Although the recovery data for this test may be unreliable because of an  
underdamped response, they were still examined using the Theis (1935) straight-line 
recovery method.  Because of the harmonic underdamped response, analysis focused on 
the late-time data, before the final inflection point (Figure 28).  This analysis yielded a 
transmissivity of 3,000 ft2/d. 
 
Northern Salt Lake Formation  
 
Well Information 
The Luthy well is located at N190 E245 S4 1 T14N R1E SL in the foothills of the 
Bear River Range northeast of Cove, Utah at an elevation of 4,579 ft amsl (Figure 29).  
Its well identification number is 21341 and the current water right number is 25-
9662.This well was drilled to 130 ft with 119.5 ft of 6-in. steel casing.  Because this well 
penetrates the semi-consolidated Salt Lake Formation, this is an open hole from 119.5 to 
130 ft. 
The Luthy well is a partially penetrating open borehole tapping a confined aquifer 
with a thickness of approximately 35 ft.  The aquifer thickness estimate is based on the  
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Figure 27:  Warren and Root (1963) analysis of drawdown data from the Henningsen 
well.  
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Figure 28:  Theis (1935) analysis using AQTESOLV (Duffield, 2006) of recovery data 
from the Henningsen well.  
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Figure 29:  Location map of the Luthy well.  
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recorded thickness of permeable materials from the record of a Utah drought relief well 
number 8137 (no known water right or well identification number).  The reference well is 
5,300 ft away at an azimuth of approximately 30 degrees from the Luthy well. 
 The Salt Lake Formation was treated as a confined aquifer for this test because 
the static water level from the well driller’s log is at a depth of 42 ft, which is a higher 
water level than the top of the aquifer.  The driller reported that water was not 
encountered until the conglomerate was reached at 119 ft.  In this area the Salt Lake 
Formation at this depth is identified in most drillers’ logs as conglomerate.  Clay-rich 
gravels (20-68 ft; 110-119 ft) could be acting as confining layers.  Refer to Appendix C 
for more information regarding the construction and lithologic record of the Luthy well. 
 
Background 
 The pump was turned off at approximately 2050 on September 9, 2007.  The 
initial manual depth to water measurement of 45.56 ft was made at 2057.  The static 
water level was 45.61 ft below land surface.  A 25 psi pressure transducer set at 34.68 ft 
below the water surface was used to measure water levels.  The data logger was 
programmed to measure water levels every 30 min for 630 min starting at 2100 on 
September 9 and ending at 0730 on September 10.  During this time, there was 0.1 ft of 
water level variation (Figure 30).  There is no definitive correlation between water levels 
and barometric pressure fluctuations, nor are there any trends. 
 
Pumping 
 Pumping a constant rate of 12 gpm began at 0739 on September 10, 2008 and 
continued for 756 min until 2015.  The maximum drawdown during pumping was 1.71 ft
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Figure 30:  Hydrograph from the Luthy well. 
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(Figure 30).  After about 151 min of pumping, the rate of drawdown increased, most 
likely due to a low permeability boundary associated with a nearby fault.  Because this 
well is open to a semi-consolidated or consolidated aquifer, secondary porosity could also 
affect the drawdown rate.  Once water in the fractures is removed, removal of water from 
the primary pores is dominant, which increases the drawdown rate. 
 
Recovery 
 At 2015 on September 10, 2008, the pump was turned off and water levels were 
allowed to recover.  There was a gap in the recovery data between 2000 and 2018.  These 
missing data were due to problems with the data logger.  
The recovery hydrograph contains a minor amount of variation (Figure 30).  
There was a drop of 0.09 ft in the data at around 3 min after the pump was turned off.  
The residual drawdown went from 1.71 ft when the pump was shut off at 2015 to 0.35 ft 
at 0640 on September 11, 2007 at the end of the recovery measurements.  This is a total 
of 1.36 ft of recovery over 625 min. 
 
Analysis 
The Luthy data show a late-time increase in drawdown rate (Figure 31).  The 
three possible explanations are: boundary effects, a dual porosity aquifer or an 
unconfined aquifer.  However, because the water level in the well is higher than the top 
of the saturated formation, it is a confined aquifer.  Also, because the early-time 
drawdown data do not have a trend indicative of a dual porosity system, one can assume 
that the late-time response is due to a nearby low permeability boundary.  Based on the 
well’s proximity to a fault, one could infer that the increased drawdown in the late-time,
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Figure 31:  Cooper-Jacob (1946) analysis using AQTESOLV (Duffield, 2006) of 
drawdown data from the Luthy well.  
84 
  
data is from a low permeability boundary effect.  A Cooper-Jacob (1946) analysis of the 
early-time (pre-boundary influence-effect) data yields a transmissivity of 2,200 ft2/d 
(Figure 31).  This method was selected because the early-time data are nearly horizontal. 
 As with the Henningsen well, Equation 3 was used to determine the radius from 
the Luthy well to the image well created by a low permeability boundary.  Because 
storativity cannot be caluculated with a single-well pumping test, storativity estimates of 
0.001and 0.00001 (the range for confined aquifers) were used to estimate the radii to the 
image well from the Luthy well of 3,000 and 30,000 ft, respectively.  Thus, the low 
permeability boundary would be located between 1,500 and 15,000 ft from the Luthy 
well (Figure 32).  A fault identified by Brummer and McCalpin (1995) lies between these 
two distances.  
 The recovery data from the Luthy well were analyzed using the Theis (1935) 
straight-line recovery method.  The transmissivity estimated for the Salt Lake Formation 
in this area is 1,000 ft2/d (Figure 33).   
 
Principal Aquifer 
 
Well Information 
The two wells used for this test were Logan City’s River Park well as the 
observation well and Logan City’s Crockett well as the pumping well (Figure 34).  Logan 
City’s Center Street well also is shown in Figure 34, as it affected the test results.  All 
three wells lie within Robinson’s (1999) principal aquifer which coincides with 
Bjorklund and McGreevy’s (1971) area 1 (Figure 3).  See the well driller’s record in 
Appendix C for more information regarding the construction details of the River Park,  
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Figure 32:  Radial distance to low-permeability boundary as a function of storativity for 
the Luthy well based on the Strausberg (1967) method.  Fault locations from Brummer 
and McCalpin (1995).  
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Figure 33:  Theis (1935) analysis using AQTESOLV (Duffield, 2006) of recovery data 
from Luthy well.  
 
 
 
Figure 34:  Map showing location of three Logan City wells (circles).  
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Crockett and Center Street wells.  
The River Park well was selected as the observation well because it is screened at 
similar intervals (200 ft to 658 ft) as the Crockett well and it does not have a pump in it, 
making it more accessible.  The River Park well is located at S517 E914 W4 35 T12N 
R1E SL near River Park Drive and is at an elevation of 4,593 ft amsl.  It is 837 ft away 
and at an azimuth of 142 degrees from the Crockett well.  The River Park well’s current 
water right number is 9925003P00 with a well identification number 22493.  The River 
Park well has a diameter of 20 in and a total depth of 681 ft.  The depth to water in the 
River Park well of 102.86 ft measured at 2200 on July 9, 2008 was used as the static 
water level. 
The Crockett well was selected as the primary pumping well because it is closest 
to the River Park well and it is equipped with a transducer with a digital readout and an 
in-line discharge measuring device.  The Crockett well is located at S2000 E325 NW 35 
T12N R1E SL immediately north of the intersection of Crockett Street and Canyon Road 
in Logan at an elevation of 4,590 ft amsl.  Its current water right number is 25-3394.  The 
Crockett well’s identification number either does not exist or is not listed by the Utah 
Division of Water Rights.  The Crockett well’s diameter is 12 in, total depth is 978 ft and 
is screened from 305 to 330, 410 to 450, 510 to 525, 650 to 750, 830 to 880 and 925 to 
945 ft.  
The Crockett well pump is equipped with an automatic switch that turns the pump 
off when Logan City’s reservoir tanks are full and turns the pump on when the tanks fall 
below a critical level.  Although a manual override was used to keep the pump off over 
the allotted background time, the override could not be applied to keeping the pump on 
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during the pumping period, as this would fill the city’s tanks beyond capacity. 
The Center Street well is located at N820 E 1220 SW 34 T12N R1E SL near the 
intersection of Canyon Road and Center Street and is at an elevation of 4,542 ft amsl.  It 
is 5,000 ft away and at an azimuth of 250 degrees from the River Park well.  Its current 
water right number is 25-3395 and its well identification number is 2677.  Due to its 
distance from the River Park well, its impact on observed water levels was not expected 
to be significant. 
The discharges of the Crockett and Center Street wells are measured as a total 
volume over a specific pumping time (Table 6).  Pumping time is recorded as the number 
of hours pumped per calendar day. 
 
Background 
 On July 9, 2008 at around 0800 Logan City officials removed the casing cap for 
the River Park well.  An initial depth to water measurement of 105.6 ft from the ground 
surface was recorded with an electric sounder and a steel tape, and a 5 psi transducer was 
lowered approximately 115 ft into the well and 9.4 ft into the water.  During this time the 
Crockett well was still pumping. 
At 0950 the Crockett well pump was turned off and the data logger began 
recording background water levels in the River Park well (Table 7).  Background water 
levels were measured every 10 min for 1,432 min until 0942 on July 10. 
The resulting hydrograph from the background measurements displays some 
significant trends (Figure 35).  From 0950 to 2200 (730 min), the water in the River Park 
well rose 2.02 ft.  This rise is likely due to recovery from the Crockett well pump shutting 
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Table 6:  Daily discharge measurements supplied by Logan City for the Crockett and 
Center Street wells. 
Crockett Well Center Street Well 
Date 
Water 
Pumped 
(kgal) 
Time  
(hr) 
Discharge
(gpm) 
Water 
Pumped 
(kgal) 
Time  
(hr) 
Discharge 
(gpm) 
7/9/2008 3,346 9.7 5,749 2,402 14.1 2,839 
7/10/2008 4,797 14.2 5,630 2,665 15.6 2,847 
7/11/2008 6,398 18.4 5,795 222 1.5 2,467 
7/12/2008 5,346 15.5 5,748 1,911 11.2 2,844 
 
 
Table 7:  Times of important occurrences during principal aquifer test. 
Date  
(m/dd/yy) 
Clock 
Time 
(hhmm) 
Elapsed 
Time  
(min) 
Water Level 
(ft below 
surface) 
Description 
7/9/08 0950 0 104.88 Background observation begins 
7/9/08 1510 320 103.80 Center Street well off 
7/9/08 2200 730 102.86 Center Street well on; value used as static water level 
7/10/08 0942 1,432 103.54 Crockett well on; background observation ends  
7/10/08 1538 1,788 105.15 Center Street well off 
7/11/08 1715 3,325 104.87 Crockett well off 
7/11/08 2240 3,650 103.10 Crockett well on 
7/12/08 0151 3,841 104.99 Observations end 
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Figure 35:  Background hydrograph from the River Park well.  The Center Street well 
pump turned on at around 2200 and turned off at 1538 on July 10, pumping for a total of 
17.6 hours at a rate of 2,840 gallons per minute, as displayed in Table 6. 
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off. 
There is a significant inflection point at 1510 which is attributed to the Center 
Street well turning off.  The water level rose 1.08 ft from 0950 until 1510 and 0.94 ft 
from 1510 until 2200. 
At 2200 the water level began decreasing and continued to decrease for the rest of 
the time that background measurements were taken (702 min), with a total of 0.68 ft of 
drawdown.  This drawdown appears to be caused by pumping from the Center Street 
well.  The Center Street well pump turned on at around 2200 and turned off at 1538 on 
July 10, pumping for a total of 17.6 hours at a rate of 2,840 gpm, as displayed in Table 7. 
An inflection point can be observed at 0520 on July 10, 440 min after the Center  
Street well resumed pumping, which could represent an increase in the discharge rate of 
the Center Street well, a low permeability boundary or interference from another well.  
Unfortunately, only 262 min of data are available after this inflection point.  The increase 
in the slope of the hydrograph at this point probably represents a low permeability 
boundary, as will be discussed later. 
 
Pumping 
At 0942 on July 10, 2008 the Crockett well pump was turned on and began 
pumping at an average rate of 5,630 gpm.  At 1538, 357 min after the Crockett well was 
turned on, a sudden and significant water level rise occurred (Figure 36).  The rise peaked 
436 min later (2254) at 104.25 ft below the ground surface or 0.90 ft above the maximum 
water level of 105.15 ft observed at 1538.  This large rise in water level can be directly 
linked to the Center Street well pump shutting off at 1538.  The Crockett Well pumped 
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Figure 36:  Pumping hydrograph from the River Park well. 
 
 
until 1715 on July 11 for at total of 1,893 min with a maximum drawdown in the River 
Park well of 2.29 ft from the time the Center Street well began pumping at 2200 on July 9 
to the time the Center Street well shut off at 1538 on July 10, with a final water level 
of104.87 ft. 
 
Recovery 
Based primarily on the response of the hydrograph and Logan City’s pumping 
time record (Table 6), it is inferred that the Crockett well pump shut off by the automatic 
switch at 1715 on July 11.  Because the well shut off at an unexpected time, recovery 
water-level measurements were recorded every 10 min (Figure 37).  During this time it 
was discovered that the Center Street well was having mechanical problems and needed 
to be shut off.  Because of problems, recovery measurements for this test were only 
considered for 325 min until 2240 on July 11 before the Crockett well pump turned on 
again.  The depth to water at the end of the recovery period was 103.10 ft.  Assuming a 
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Figure 37:  Recovery hydrograph from the River Park well.  After 325 minutes of 
recovery the Crockett well pump turned on again.  
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static water level of 102.86 ft, the residual drawdown was 0.24 ft. 
 
Analysis  
The Theis (1935) method was applied using AQTESOLV (Duffield, 2006) to 
analyze the drawdown data from this test.  For the analysis, the pumping wells were 
treated as fully penetrating with a saturated aquifer thickness of 245 ft.  The estimate of 
aquifer thickness was based on the shortest screen length.  The Crockett well’s total 
screen length is 250 ft, and the Center Street well’s screen length is 245 ft.  The River 
Park well has a screen length of 458 ft.  The saturated thickness of the A2 portion of the 
principal aquifer is at least 790 ft based on Robinson’s (1999) cross sections.  The 
estimate of 250 ft is less because it is based on units that are directly connected 
hydraulically via the various screened intervals.   
Although this was not originally planned, 702 min of drawdown data during 
pumping of the Center Street well were recorded during the “background” period of the 
hydrograph.  Assuming a pumping rate of 2,840 gpm, a transmissivity of 300,000 ft2/d 
and a storativity of 0.00025 was estimated (Figure 38) by applying Theis method in 
AQTESOLV.   
The inflection point at 0520 on July 10 is a real feature that could be from an 
increase in the pumping rate, the effect of another nearby well, or the presence of a low 
permeability boundary.  One can calculate the distance to an image well from the 
observation well using the equation (Stallman, 1952): 
                                         (Equation 4) 
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Figure 38:  Theis (1935) analysis using AQTESOLV (Duffield, 2006) of drawdown data 
from the River Park well due to pumping of the Center Street well. 
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where, ri is the distance from observation well to the image well, rr  is the distance from 
the observation well to pumping well (5,000 ft), ti is the time at drawdown si when si 
equals sr, tr is the time at drawdown sr when si equals sr, si is the drawdown from the 
image well only and sr  is the drawdown from the real well.  Using this equation ri was 
estimated to be 26,000 ft, assuming si and sr are 0.09 and ti and tr are 700 min and 25 min, 
respectively (Figure 39).   
Three observation wells are needed to locate the image well.  If there is only one 
observation well, the location of the image well can be anywhere along a circle of radius 
ri from the observation well.  The boundary creating the image well effect is one-half the 
distance between the image well and the pumping well.  If one assumes the image well in 
this case is 13,000 ft due east of the pumping well, then the proposed barrier would fall 
very close to the valley margin (Figure 40).  The East Cache fault could act as a low 
permeability boundary.  Heath (1982) states that if the boundary is not completely 
impermeable, meaning that some water is transmitted across the boundary, then the 
estimated boundary position will be greater than the actual distance to the valley wall. 
 Analysis of available recovery data was not performed because the pumping 
schedule from the Crockett and Center Street wells makes application of the Theis (1935) 
recovery method impossible.   
 
Pumping and Recovery Test Results 
 The results of the hydraulic tests are shown in Table 8.  The low permeability 
boundary effect was definitely observed in the Logan City and Luthy drawdown data. 
The Henningsen drawdown data also likely displayed this effect, but another possible
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Figure 39:  Cooper-Jacob (1946) plot for calculating the distance to image well using the 
Stallman (1952) technique. 
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Figure 40:  Map showing possible location of image well.  If one assumes that the image 
well is due east of the pumping well, then the boundary would be located at the point 
marked by the “+”. 
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explanation would be response to a dual porosity system. 
The principal aquifer transmissivity of 300,000 ft2/d was higher than the estimates 
of Kariya et al. (1994), but fall within the high end of the range given by Bjorklund and 
McGreevy (1971).  The Salt Lake Formation transmissivity estimates from the Luthy 
well of 1,000 and 2,200 ft2/day fits within the range of transmissivities reported by 
Bjorklund and McGreevy (1971) for the Cub River subvalley area (area 5).  Average 
transmissivities for the confined gravels in the Newton area were not reported by 
Bjorklund and McGreevy, but the estimates of 500 and 900 ft2/day for the Tompkinson 
well seems reasonable for silt-rich gravels, even though these estimates are much lower 
than those for similar units on the east side of the valley.  The transmissivities of the Salt 
Lake Formation determined using the Henningsen well are much lower than the 
maximum of 15,000 ft2/day listed by Bjorklund and McGreevy.  The transmissivities 
from the Stevenson well of 200 and 3,000 ft2/day also are much lower than the estimate 
from Bjorklund and McGreevy. 
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CHAPTER VI 
 
SUMMARY, DISCUSSION, LIMITATIONS AND RECOMMENDATIONS 
 
 
Summary 
 The primary purpose of this project has been to estimate the in-situ transmissivity 
and storativity of the main hydrostratigraphic units of Cache Valley.  A spatial database 
was created to be used as a source for much of the transmissivity data.  Sixty-seven 
transmissivity values were determined from aquifer tests conducted by various 
researchers (Appendix A).  Three hundred and seventy-eight transmissivity values were 
determined from specific capacity data (Appendix B).  Five aquifer tests were completed 
throughout Cache Valley (Table 8). 
 Screened intervals of 1,314 wells were correlated with aquifers.  Data were 
collected from well drillers’ records, government documents and published work and 
compiled into an ArcGIS database.  This database can now be uploaded and used to 
provide accurate transmissivity values for Cache Valley.  More importantly, it allows a 
foundation to build upon, by giving those who collect hydrologic and aquifer data an 
initial format and repository for such data. 
 Wells in area 1 (Bjorklund and McGreevy, 1971) are mostly screened in units A1 
and A2.  The largest concentration of unconfined alluvial and colluvial deposits lies 
within Bjorklund and McGreevy’s (1971) area 2, where shallow wells penetrate the 
alluvial deposits of the Little Bear  and landslide deposits.  The highest producing wells 
of Bjorklund and McGreevy’s (1971) area 2 are screened primarily in the Salt Lake 
Formation.  Most wells in the northern part of area 3 are screened in a thin confined 
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gravel layer (A2), which is not directly connected to the coarser and better sorted 
confined gravels of the principal aquifer.  Most wells in the southern part of area 3 are 
screened in the Tertiary Wasatch and Salt Lake Formations.  There are few wells in areas 
4, 7 and 11, and most of the wells that are present are relatively deep (>200 ft) and 
penetrate the Salt Lake Formation or pockets of confined gravels (A2).  Wells in the 
Cove/Richmond area (area 5) are predominantly screened into the Salt Lake Formation in 
the foothills of the Bear River Range on the east side, and are predominantly screened 
into confined gravels (A2) further west.  Wells in the Clarkston area (area 6) are 
generally screened in either alluvial material or the surrounding shallow bedrock. 
 Specific capacity information from drillers’ logs was used to estimate the 
transmissivity of wells not tested during this study (Tables 4 and 5).  These values are all 
associated with an aquifer unit.  Ideally, future workers can identify the unit that each 
well taps and associate it with an estimated transmissivity.  The results were entered into 
the GIS database. 
 Transmissivity values estimated from well drillers’ records were highest in the 
principal aquifer (area 1) and decreased radially.  The transmissivity of area 1 from well 
drillers’ records has a mean value of 14,000 ft2/d and a maximum value of 600,000 ft2/d 
(Table 5).  Area 2 has an average transmissivity value of 680 ft2/d.  Area 3 has a mean 
transmissivity of 2,000 ft2/d, with a maximum transmissivity value of 73,000 ft2/d.  All 
three wells in area 4 used to estimate transmissivity are screened into gravel lenses 
(identified as A2) with a mean transmissivity of 650 ft2/d.  Area 5 has a mean 
transmissivity of nearly 3,700 ft2/d.  Area 6 has a mean transmissivity of 340 ft2/d.  The 
four wells in Area 11 used to estimate the mean transmissivity (170 ft2/day) all are 
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screened into gravel lenses (A2). 
The 33 wells in the Quaternary alluvium and colluvium have a mean 
transmissivity of 1,000 ft2/d (Table 4).  The three wells screened exclusively into deltaic 
material (C1) have mean transmissivity of 280 ft2/d.  The 17 wells in the upper confined 
gravels (A1) have a mean transmissivity of 2,700 ft2/d.  The 152 wells in the lower 
confined gravels (A2) had the highest mean transmissivity of 12,000 ft2/day. The mean 
transmissivity of the 141 wells in the Salt Lake Formation (Tsl) is 1,300 ft2/day.  Based 
on 17 wells the mean transmissivity of the Wasatch Formation is about 350 ft2/day.  Six 
wells screened in various Paleozoic units have an average transmissivity of 7,200 ft2/day. 
 Sixty-seven existing aquifer test transmissivity values were compiled from 
previous research (Table 5).  Twenty of these values are from slug tests performed on 
unconfined material by the Utah Geological Survey for a septic tank absorption density 
study (Bishop et al., 2007). 
Seventeen aquifer tests in the lower confined gravels (A2) have the highest mean 
transmissivity of 57,000 ft2/day.  Based on 26 aquifer tests, the Quaternary age material 
has the lowest mean transmissivity of 160 ft2/day.  The average transmissivity from seven 
wells in the upper confined gravels (A1) is 12,000 ft2/day.  The average transmissivity 
from eight aquifer tests of the Salt Lake formation is 840 ft2/day.  The mean 
transmissivity of four aquifer tests in undifferentiated Paleozoic material (Pzu) 9,900 
ft2/day.  No aquifer test data could be found for the deltaic material (C1) and the Wasatch 
Formation (Tw).  Except for the Quaternary material and the Salt Lake Formation, 
estimates of transmissivity from the aquifer tests were much higher than those from the 
specific capacity data.  
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Five wells that met testing criteria were located and owners’ permission to 
conduct tests was secured.  Each test was successfully conducted and analyzed and 
compared to existing data of similar hydrogeologic units.  The results were entered into 
the GIS database and are summarized in Table 8. 
The principal aquifer test yielded a transmissivity of 300,000 ft2/d.  
Transmissivity results of the test conducted on the Salt Lake Formation in the Cove area 
are 1,000 and 2,200 ft2/day.  The western confined gravels have transmissivity estimates 
of 500 and 900 ft2/day.  The transmissivities of the Salt Lake Formation in the Paradise 
area are 1,000, 1,300 and 3,000 ft2/day.  The transmissivities from the alluvium in the 
Weston, Idaho area are 200 and 3,000 ft2/day. 
 
Discussion 
Although there are multiple estimates of transmissivity for each test, some 
estimates are more reliable than others.  The most reliable estimates had the best matches 
to the theoretical curves, long recording intervals and water level fluctuations caused only 
by pumping.  The most reliable results of each test did not necessarily match previous 
estimates for each area, nor do they all compare well to estimates from specific capacity. 
The results from the aquifer tests performed for this study are summarized in 
Table 8.  These results were picked based on their duration, fit to theoretical curves and 
analytical compatibility with the natural settings.   
 
Weston Creek Subvalley 
The most reliable estimate of transmissivity (200 ft2/day) in this area is from the 
Cooper-Jacob (1946) analysis of the drawdown data from the second test.  Because it is 
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assumed that precipitation or discharge water from the well was affecting the late-time of 
drawdown data, analysis of the early-time data seems most reliable.  The results of from 
the recovery data are thought to be less reliable because a confined aquifer analysis 
technique was used analyze the recovery data, when the Stevenson well is clearly in an 
unconfined aquifer.  
The estimate of transmissivity from the Stevenson well record specific capacity 
data is 5,000 ft2/d.  This differs significantly from the estimate of 200 ft2/d, probably 
because the estimate is based on an air-lift test performed by the drillers who recorded the 
specific capacity data.  However, the transmissivity estimated from the recovery data is 
3,000 ft2/day, which does agree with the specific capacity estimate.   
The transmissivities estimated from the two Stevenson tests (Table 8) do not 
match previous estimates from the Weston Creek area.  Bjorklund and McGreevy (1971) 
state that the transmissivity for the Weston Creek area is approximately 30,000 ft2/d.  
This could be due to the Stevenson well only penetrating the upper portion of the alluvial 
unit, or due to the highly heterogeneous nature of alluvial materials or both.  Although 
Bjorklund and McGreevy provided a transmissivity estimate for this area, it is probably 
not based on a significant amount of data.  There are few existing wells and no known 
aquifer tests (besides the one conducted for this study) that could provide additional 
information regarding transmissivity. 
None of the well records in the Weston Creek subvalley in Utah yielded 
transmissivity estimates, and Idaho well records were not examined for this study.  
Because of this the only reliable transmissivity estimate produced by this study for the 
Weston Creek area is from the Stevenson tests.  However, the two estimates from the 
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Stevenson tests vary by over an order of magnitude. 
 
Western Confined Gravels 
 The most reliable estimate of transmissivity is 900 ft2/day from the recovery data 
from the second Tomkinson test.  This is the best estimate because during pumping for 
both Tomkinson tests, there were significant water level fluctuations, probably because of 
variations in pumping rate.  The recovery test is more reliable because the recovery 
occurs at a constant rate (Kruesman and de Ridder, 1994).  However, the results from the 
recovery test and the pumping test are fairly consistent with each other.   
 Little is known about the A2 aquifer in this region.  Robinson’s (1999) cross 
sections and well drillers’ records indicate that this gravel aquifer is laterally continuous 
in the western portion of Cache Valley, Utah. 
 Transmissivities for the western confined gravels are lower than those for the 
confined gravels of the principal aquifer.  The mean transmissivity for wells screened in 
only unit A2 in area 3 is 9,000 ft2/day, while the mean transmissivity for only the A2 unit 
in the principal aquifer is 16,000 ft2/day.  According to drillers’ records, the western 
confined gravels contain a greater amount of silt than the gravels in the principal aquifer.  
Also, the confined gravels of the principal aquifer are generally thicker than the western 
confined gravels. 
 The estimate from the Tomkinson well is more than an order of magnitude less 
than the mean transmissivities estimated from specific capacity for all A2 (12,000 ft2/day; 
Table 4) and the mean transmissivity for the A2 unit in area 3 (9,000 ft2/day).  The mean 
transmissivity from existing aquifer tests in unit A2 is 57,000 ft2/day (Table 3).  This 
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estimate is probably significantly higher than the Tomkinson results because most of the 
aquifer tests in unit A2 were performed in the eastern portion of the valley. 
 
Southern Salt Lake Formation 
 The best estimate of transmissivity from the Henningsen well is 1,000 ft2/d from 
analyzing the drawdown data using either the Neuman (1975) or Warren and Root (1963) 
methods.  The Neuman (1975) method accounts for the delayed gravity response in the 
early-time data and is probably more appropriate than the Warren and Root method for 
the most probable explanations (unconfined; boundary effect) of the trends observed in 
the Henningsen well drawdown data.  A low permeability boundary effect was observed 
in the late-time pumping data of the Henningsen test.  Although a boundary distance 
estimate of 175 ft from the Henningsen well was determined, the estimate was based on a 
single well.  The boundary causing this effect is most likely the East Cache fault zone 
which borders the eastern portion of area 2 and intersects the southern Salt Lake 
Formation. 
 The mean transmissivity for Bjorklund and McGreevy’s area 2 from specific 
capacity data is 680 ft2/day (Table 5).  The mean transmissivity of the Salt Lake 
Formation from specific capacity estimates throughout the valley is 1,300 ft2/day (Table 
4), while the mean transmissivity from aquifer tests was 840 ft2/day (Table 3).  The mean 
transmissivity of the Salt Lake Formation only in area 2 is 1,000 ft2/day, which is very 
similar to all of the other estimates and matches that of the estimate from the Henningsen 
well.  Overall, although the Henningsen test was influenced by a nearby boundary, its 
results seem representative of the Salt Lake Formation in the southern part of Cache 
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Valley. 
 
Northern Salt Lake Formation 
 The two estimates of transmissivity from the Luthy aquifer test are similar.  The 
most reliable estimate for transmissivity is 2,200 ft2/d from the pumping analysis.  The 
barrier boundary creates an effect analogous to another pumping well (image well) whose 
pumping start time differs from the pumping well, making it challenging to calculate the 
timing of the pumping discharge used in recovery analysis.  This could affect the validity 
of a recovery analysis.   
The Salt Lake Formation in area 4 is bounded by the East Cache fault, 
approximately 5,000 ft from the Luthy well, which is the most probable cause of the 
boundary effects observed in the Luthy aquifer test data.  The distance of the boundary is 
between 1,500 and 15,000, depending on the aquifer’s storativity value. 
The transmissivity estimated from the specific capacity data on the well driller’s 
record is 136 ft2/d (Appendix B), which is almost an order of magnitude less than 
estimates from the aquifer tests.  The value for specific capacity was measured from an 
air lift test, which by design results in less accurate water-level measurements.  
Therefore, the estimate of transmissivity from the actual aquifer test is definitely more 
representative and accurate than that of the driller’s air lift test.  
The transmissivity estimates from the Luthy well agree with estimates from 
specific capacity data and aquifer tests.  The mean transmissivity estimated using wells 
screened only to the Salt Lake formation in Bjorklund and McGreevy’s area 5 is 6,500 
ft2/day, which is higher than specific capacity mean transmissivity for the Salt Lake 
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Formation in area 2 (680 ft2/day) and the mean transmissivity for the Salt Lake Formation 
for the entire valley (1,300 ft2/day).  However, all estimates for transmissivity of the Salt 
Lake Formation in this area fall within the same order of magnitude.  The mean 
transmissivity of area 5 estimated from specific capacity data is 3,700 ft2/day (Table 5), 
which is probably higher than the estimate from the Luthy well because it includes 
transmissivities from confined gravels, which are generally higher than Salt Lake 
Formation transmissivities.  
 
Principal Aquifer 
 The most reliable estimate of transmissivity from the Logan City wells is from the 
background measurements while only the Center Street well was pumping.  These data 
match the Theis curve very well, with the exception of the late time boundary effect.  
Relative to the tests in this valley performed by others summarized in Appendix B, this is 
probably the best analysis for the principal aquifer.  It is a multiple well test with more 
than 700 min of data.   
 Karia et al. (1994) assumed that estimates of transmissivity from aquifer tests 
performed by Bjorklund and McGreevy (1971) were inaccurate (too high) because they 
considered the principal aquifer to be confined as opposed to leaky.  The analysis of the 
principal aquifer test for this study assumes that the principal aquifer is confined, because 
several authors (Williams, 1962; Beer, 1967; Bjorklund and McGreevy, 1971; Anderson 
et al., 1994; Robinson, 1999), well drillers’ records and the behavior of the drawdown 
data from aquifer tests conducted on the principal aquifer offer evidence to support the 
confined nature of the hydrologic units into which the municipal wells in the principal 
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aquifer area are screened.   
The transmissivity estimated from specific capacity data on the Center Street well 
driller’s log (Appendix C) is 300,000 ft2/d and virtually identical to the estimate from this 
study.  All of the transmissivity values determined for the principal aquifer from specific 
capacity tests are close to estimates from Bjorklund and McGreevy (1971), who 
estimated that transmissivity for area 1 ranges from 10,000 to 330,000 ft2/d. 
The transmissivity estimate from the principal aquifer test is higher than the mean 
transmissivities estimated for A2 from both specific capacity (12,000 ft2/day; Table 4) 
and aquifer tests (57,000 ft2/day; Table 3).  This could be because the Logan City wells 
are in a very thick and permeable portion of the principal aquifer.  In fact, the gravels in 
the principal aquifer are probably the most transmissive units in the valley. 
It is highly probable that the adjacent East Cache fault could be acting as a low 
permeability boundary in the vicinity of the River Park wells.  However, this is not 
conclusive evidence that the entire fault acts as a low permeability boundary, although 
data from the Luthy and Henningsen tests also indicate the presence of a low 
permeability zone near the East Cache fault.  A definite source of the additional 
drawdown observed in the River Park well cannot be determined until there is another 
aquifer test completed with multiple (ideally three) observation wells and no interference 
from other nearby wells.  The results of the estimated boundary distance from the 
principal aquifer test insinuate that some flow exists between the boundary between the 
Paleozoic bedrock and the valley fill material.  If the boundary was completely 
impermeable, then the distance would be smaller than the value estimated. 
Fracturing from structural deformation could allow for increased transmissivity 
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and possibly increased connection to adjacent fractured Paleozoic bedrock.  Salt Lake 
Formation transmissivity could be significantly increased by fracturing near the area of 
the East Cache fault.  However, it seems more likely that the fault acts as a low 
permeability area in both the south and the north. 
 
Limitations 
Transmissivity estimates plotted as points on a map allow for a better 
understanding of the spatial distribution of aquifer properties.  Most hydraulic parameters 
are quite heterogeneous, especially over large areas.  Even if one screened interval is 
correlated and is the same unit as another interval, the hydraulic properties can be 
significantly different.  This was proven with aquifer tests conducted on both the 
confined gravels (A2), as the Tomkinson test results are significantly different than the 
Logan City results.  Because of these differences, although they are stratigraphically 
correlatable, the gravels on the separate sides of the valley should be treated as separate 
hydrologic units. 
There can be considerable error in estimates of transmissivity from specific 
capacity.  Theis et al. (1963) admit that the method is only an approximation subject to 
limitations.  Error can be introduced through measurement of specific capacity.  The 
value of specific capacity used for estimation requires that well discharge is constant over 
the duration of the specific capacity test.  The well drillers, who usually are the ones 
measuring specific capacity, have little incentive for precise measurements and probably 
only take one discharge measurement, which may be an estimate in itself.  Measurements 
of depth to water may also introduce error.  Rarely does a well driller record how water 
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level measurements were made and from where the measurements were taken (ground 
surface versus top of casing).  Sometimes the drawdown listed on a well driller’s log is 
actually the depth to water, which can introduce serious error if left unnoticed.   Another 
measurement error comes from the duration of pumping.  Pumping duration is probably 
accurate within the nearest hour, unless the number of minutes is specifically mentioned 
on a well driller’s record.  If there is measurement error, then estimates of transmissivity 
using specific capacity values are within an order of magnitude of the actual value. 
Transmissivities from aquifer tests are generally much more accurate than those 
from the Theis et al. (1963) specific capacity approximation.  However, error is still 
possible in aquifer tests.  Measurement errors are primarily made in the discharge 
measurements.  Ideal aquifer tests are constant rate, meaning the pumping rate is kept 
constant.  However, rarely is a well’s discharge constant.  Variations in discharge can 
affect the shape of the drawdown curve, which causes for an imperfect fit to theoretical 
type curves.  Pumping rate could vary with pressure changes in the water delivery 
system, such as opening an indoor faucet or changing the elevation of an output line.  
Measurement error could also be introduced through water level measurements.  Pressure 
transducers were the primary means of water level measurements.  Instrument drift or 
improper pressure transducer calibration could cause water level measurement error.  If 
the data logger is malfunctioning, errors will be introduced.  Error is also introduced if 
the discharged water is applied to an area that recharges the aquifer of study in the 
vicinity of the well.  Error can also be introduced during the analysis of the aquifer test.  
Improper application of analysis techniques could cause the incorrect estimate of 
transmissivity. 
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 Due to error introduced during various parts of each aquifer test, estimates from 
the aquifer tests of this study vary up to an order of magnitude.  However, most of the 
estimates are more accurate than an order of magnitude.   
 Estimates of transmissivity from the Stevenson well have the greatest error of all 
of the tests because water discharging from the well was applied upgradient of the well 
which was screened in an unconfined aquifer.  Because of the recharge to the aquifer, 
only early time data were analyzed.  The estimated amount of error from this test is an 
order of magnitude.  That amount of error is reflected by the range of values of 
transmissivity observed.   Estimates of the thickness of the unconfined aquifer vary 
greatly.  The thickness can range from 53 to 1,000 ft, which would give a range of 
estimates of hydraulic conductivity to be two orders of magnitude.  As the aquifer is 
made up of deltaic material, one would assume that the aquifer is fairly heterogeneous, 
meaning that the aquifer in this area is less than 100 ft thick.  Another important thing to 
consider is that the thickness of the unconfined aquifer varies with water level. 
 Error from the Tomkinson test is considered to be substantial.  Most error in 
transmissivity was likely introduced from variations in pumping rate.  During the first 
aquifer test, the data logging equipment malfunctioned and provided unreliable results.  
During the second aquifer test, the well owners used the water system, thereby causing 
the pumping rate to vary.  Although there was substantial error introduced, the analysis of 
the recovery test is still considered more accurate than the estimate of transmissivity from 
specific capacity data.  The aquifer thickness estimate for this test is probably accurate 
within five feet, which seems like a reasonable estimate for measurement error of depth 
to sediment type from the driller’s log.  This aquifer might be leaky in this area, which 
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would introduce error in the aquifer test analysis.  Sometimes, drawdown can give insight 
as to whether the aquifer is acting as a leaky aquifer.  Unfortunately, examining the 
nature of the drawdown curve for this well is impossible. 
 Most of the error in the estimate for transmissivity for the southern Salt Lake 
Formation was introduced during the application of the analysis.  The geology of the 
system in this area is not completely understood, so error could have been introduced by 
misapplying the analysis technique.  Also, during this test, the pump was powered by a 
gas generator.  It is possible that a gas generator as a power source could have caused 
variations in the pumping rate.  However, pumping rate was measured several times 
during this test and little (less than 1 gpm) discharge fluctuation was observed during the 
duration of the test. 
 Error incorporated in the northern Salt Lake Formation may have been introduced 
during analysis.  Like other wells near the East Cache fault zone, this well showed 
increased drawdown during the later times of the aquifer test.  For analysis, the observed 
drawdown was attributed to the presence of a nearby low permeability zone.  However, 
the results are erroneous if this well is in fact responding to a dual porosity system.  
Estimates for transmissivity for both the recovery and the drawdown analysis were within 
the same order of magnitude. 
 Most error in the principal aquifer test is likely from variations in discharge.  For 
example, pumping rate in the Crockett well varied from 4,350 to 7,850 gallons per 
minute during the first 90 minutes of pumping.  That is approximately 50% variation in 
pumping rate.  However, the analysis we summarized was that of the drawdown observed 
when the Center Street well was pumping.  If a similar amount of variation in pumping 
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rate occurred for the Center Street well, then the resulting transmissivity likely varied 
plus or minus 200,000 ft2/d, which is well within an order of magnitude of the estimated 
transmissivity. 
 
Recommendations 
Studies to further the knowledge of interactions in this area are vital for good 
water policy and management.  It is recommended that the following steps be taken to 
accurately model Cache Valley’s hydrologic system in order to make informed water 
decisions: 
1) Further characterize the boundaries around the valley 
2) Conduct nested piezometer aquifer tests to estimate the vertical hydraulic 
conductivities of the confining layers 
3) Conduct geophysical studies 
4) Use precipitation data and water levels to create a hydrologic budget 
 Another aquifer test of the principal aquifer using Logan City’s wells would be 
very useful in determining the exact location of the boundary detected by the aquifer test 
conducted for this study.  In order to better define the location of the boundary, more 
observation wells and more time-drawdown data would be necessary.  The Center Street 
well (25-3395) could serve as the pumping well while any or all of the following wells 
could be observation wells: the River Park well (9925003P01), the Crockett well (25-
3394), the well owned by Utah State University (25-8765), and a nearby well owned by a 
greenhouse (25-9878).  If a coordinated effort can be set forth to minimize interference 
from other wells, an accurate recording of the boundary effect with a precise location can 
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be ascertained. 
 A better understanding of boundary effects on other portions of the East Cache 
fault and examining the West Cache fault could be useful in describing the hydrogeologic 
boundaries of the valley, as recommended by Myers (2003).  A multiple-well aquifer test 
north of Logan, perhaps in the area of the Luthy well, would help define the location of 
boundaries in the northern part of the valley.  One or more tests with observation wells on 
the east side of the East Cache fault would be useful in describing the horizontal 
hydraulic conductivity across the fault. 
As recommended by Robinson (1999) and Myers (2003), a nested aquifer test 
with hydraulically separate piezometers set apart in A1, B1, A2, B2, and Qau should be 
conducted.  This would allow for a better understanding of the vertical hydraulic 
conductivity and leakance of the major confining units in the valley.   
More geophysical information would be useful in gaining a better understanding 
of the unconsolidated material.  Both downhole and shallow surface geophysical data 
could be useful in understanding the hydrostatigraphy of the region.  Downhole gamma 
would be useful in identifying various clay layers and the presence of volcanic ash, if this 
technique was applied to any available open holes (abandoned wells, pumpless wells, 
incomplete wells).  Neutron porosity logs in combination with density logs would allow 
for a reasonable estimate of porosity in various units throughout the valley.  Also, if cost 
is not a major restriction, holes could be drilled and geophysically logged.   
Surface geophysical techniques could also be useful.  More work should be done 
to better define the boundaries between the consolidated and unconsolidated material 
around Cache Valley.  This could be accomplished with techniques like seismic surveys 
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and ground penetrating radar. 
There is an immense amount of climate and water level data available for the 
valley.  There has yet to be a complete and thorough examination of the relationship 
between the two.  The USGS has over 100 years of well water level and stream discharge 
data available to the public (http://ut.water.usgs.gov).  The National Oceanic and 
Atmospheric Administration (NOAA) website (http://www.noaa.gov) and the Utah 
Climate Center (http://climate.usurf.usu.edu) also have over 100 years of precipitation 
data for the entire Bear River watershed.  Time-series statistical methods could be used to 
analyze all of the climate data, including evaporation, within the entire watershed of the 
valley, including the surrounding mountains to the divide, for various periodicities.  The 
aquifers that each well with water level data is screened into could be identified, then the 
water levels for the wells and surface water discharge rates could be examined in a 
similar fashion as the climate data.  A comparison of the results could allow a better 
understanding of the role that climate plays in water level fluctuations.  One could even 
get a better understanding of which climate records have the closest relationships to water 
levels.  This could also better define the mean annual precipitation input for the Bear 
River watershed, which is important for model simulations. 
 Another useful ancillary study would be to use GIS to plot the above mentioned 
climate data on a map of the watershed in combination with compiled stream discharge 
values to produce a hydrologic budget for the Bear River watershed.  Infiltration/seepage 
rates for soils, canal linings, streams and reservoirs could be useful in understanding 
fluxes between the surface and subsurface hydrologic systems.  Also, if the spatial inputs 
and outputs of the watershed can be understood and the data can be separated into various 
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spatial regions (i.e., Cache Valley and the Bear River Range) then the various 
groundwater fluxes between Cache Valley and its surroundings might be better 
understood.  
 
Planner Recommendations 
 This work was funded by Cache County planners.  To make the results more 
applicable, a summary of uses and recommendations for planners is briefly described 
below.  Well logs and aquifer tests were compiled to determine the distribution and 
hydraulic properties of aquifer materials in Cache Valley, both of which provide useful 
information to county planners.  
 Well Placement and Aquifer Materials.  Overall, the results demonstrate that there 
are several hydrogeologic units in the valley that are transmissive enough to provide an 
adequate domestic water supply, especially on the east side of the valley.  
 Pumping induced cones of depression in high transmissivity aquifers are wide and 
flat while the cones of low transmissivity aquifers are steep and narrow (Kruseman and 
de Ridder, 1994).  A wide, flat cone of depression is preferred.  Aquifers with high 
transmissivities are generally better aquifers than those with lower transmissivities, 
because they allow for greater and more efficient flow from wells.  Due to its high 
transmissivity (partially due to its significant saturated thickness) the principal aquifer is 
the most productive aquifer in the valley.  Based on their high transmissivities from the 
results of this study, the western confined gravels and the confined gravels north of the 
principal aquifer along the eastern side of the valley are important aquifers.  The principal 
aquifer is by far the most suitable aquifer for municipal supplies.  On the western side of 
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the valley, the highest transmissivity values are related to the western confined gravels 
and Tertiary rocks near the town of Wellsville. 
 Tertiary age formations are important water sources for domestic supply wells in 
the valley.  Although previous researchers (Bjorklund and McGreevy, 1971; Robinson, 
1999) mention the Salt Lake Formation as a water supply source, they underestimate the 
prevalence and importance of wells screened in this unit.  However, municipalities should 
consider Tertiary formations as a second choice to the lower confined aquifer.  However, 
high productivity wells like Logan City’s Crockett well are screened into both the upper 
Salt Lake Formation and the confined gravel units.  Including the Salt Lake Formation in 
the screened interval may be a viable solution to the thinner confined gravels in the 
Smithfield area and on the west side of the valley. 
 Shallow wells penetrating unconfined Quaternary alluvial units are becoming less 
common.  Most of the wells tapping unconfined aquifers in the valley are older and many 
have been destroyed or abandoned.  Although some of the unconfined aquifers can 
probably support privately owned wells, deeper wells can penetrate confined units of 
higher transmissivity with a lower probability of interacting with surface waters (Olsen, 
2007).  Due to their thin, discontinuous and heterogeneous nature and the fact that they 
are unconfined, Cache Valley alluvial aquifers are not reliable sources of water.   
 Although the deltaic units in the valley (C1) may be more transmissive, the 
confined gravels (A2) have a greater saturated thickness and a greater areal extent, and as 
such they comprise the most transmissive aquifers in the valley.  Although they are 
highly transmissive, the deltaic units in the valley are also unconfined, perched aquifers 
that are not likely to adequately supply a well.   
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The lower confined gravels (A2) are the most productive and utilized aquifer in 
Cache Valley.  Most of the municipal wells in the valley make use of this aquifer.  The 
confined gravels are thick, fairly continuous and highly transmissive.  Although the 
confined gravels are limited to scattered lenses near the center of the valley, they are an 
important source of water near both the eastern and western margins of the valley.  Even 
though the aquifer is thinner on the west side of the valley, it is still the most transmissive 
unit of the western Cache Valley aquifers.  It is the primary unconsolidated interface with 
the adjacent Paleozoic materials.  Transmissivities in the lower confined gravel unit are 
highest near the stream outlets into the valley (e.g., Logan River) and appear to mimic the 
distribution of the overlying deltaic deposits. 
 Although the principal aquifer is very transmissive, all the wells tested near the 
East Cache fault zone displayed increased drawdown in the late time aquifer tests.  
Drilling a well near the contact between the Paleozoic bedrock material and the valley fill 
may cause increased drawdown.  Due to this, nearby wells, boundaries and subsequent 
cones of depression should be considered when placing wells near the East Cache fault 
zone.  Cumulative drawdown effects from multiple pumping wells near low permeability 
boundaries could possibly adversely impact shallower wells in the area.   
 Paleozoic bedrock may be adequate for water supply in some areas, as both 
Paradise and North Logan derive some of their water from this source.  Unfortunately, 
the hydraulic parameters are poorly defined and limited to a few values. 
 Transmissivity.  The importance of knowledge of transmissivity cannot be 
overemphasized.  Transmissivity allows for estimates of water levels near pumping wells, 
groundwater flow and contaminant transport times.  Transmissivity values can also help 
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in the characterization of aquifer heterogeneity and parameterization of numerical 
groundwater flow models (Mace, 2001).   
 Transmissivity is key for wellhead protection delineation and similar estimates of 
where potential contaminants will travel in the presence of pumping wells.  Knowledge 
of transmissivity is important when deciding on a waste disposal site.  Fluid travel paths 
from a disposal site to the water table require detailed information on the physical 
characteristics and extent of all materials in the zone of flow.  Flow system properties 
should be deciding factors in choosing a disposal technique and the probable 
consequences of each disposal technique (Brown, 1964). 
 Knowing the transmissivity of the deltaic material allows for estimates of how 
long it would take irrigation water to travel through the delta and to come out as springs.  
Values of transmissivity in this material help engineers properly evaluate the relative 
safety of slopes in the deltaic areas, especially in populated locations.  Transmissivity 
estimates of the northern Salt Lake Formation could allow one to estimate travel times of 
potential contaminants from future mountain front development to various public supply 
systems.  Transmissivity estimates can help planners decide good locations for aquifer 
storage and recovery sites.  Transmissivity can be used to predict whether a new well will 
cause excessive drawdown in nearby wells, and the size of the area that well will effect. 
 The transmissivities in this thesis are only applicable in the horizontal direction.  
The aquifers in the study area are likely anisotropic, which means that the vertical 
hydraulic conductivities are likely very different from the horizontal hydraulic 
conductivities.  Using these values to compute vertical flow in an aquifer will likely 
result in a margin of error that could be several orders of magnitude.  
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Table 10:  Transmissivity from specific capacity of well drillers' records. 
WRNUM  Location  Diameter  Unit  Q  s  t  T 
(in)  (gpm)  (ft)  (min)  (ft²/day) 
25‐10288  N400 E440 S4 13 10N 1W SL  6.0  Tsl  1.5  280.0  24.0  1 
25‐8149  S1900 W2050 NE 30 12N 1W SL  6.0  Tsl  1.0  100.0  2.0  2 
25‐10205  S1110 W2311 NE 06 11N 1W SL  6.0  Tsl  2.0  220.0  8.0  2 
25‐9682  N316 W492 E4 26 14N 2W SL  6.0  Tsl  2.0  200.0  3.0  2 
25‐7410  N1450 E760 SW 15 13N 1E SL  8.0  Tsl  3.5  240.0  8.0  3 
25‐7610  S1550 W240 N4 34 11N 1W SL  4.0  Tw  2.0  90.0  0.5  4 
25‐4156  N40 E1580 SW 35 13N 1E SL  6.0  Tsl  2.0  100.0  6.0  4 
25‐10206  N770 E1590 SW 23 14N 2W SL  4.0  Tsl  7.0  300.0  24.0  6 
25‐9599  N825 W390 SE 10 13N 1E SL  6.0  Tsl  3.5  114.0  3.0  6 
25‐8226  S2005 W545 NE 14 10N 1W SL  6.0  Tsl  5.0  150.0  3.0  7 
25‐8226  S1980 W396 NE 14 10N 1W SL  6.0  Tsl  5.0  150.0  3.0  7 
25‐8226  S1220 W300 NE 14 10N 1W SL  6.0  Tsl  5.0  150.0  3.0  7 
25‐10118  N825 E1225 SW 23 14N 2W SL  6.0  Tsl  5.0  140.0  2.0  7 
25‐10496  N860 E1830 SW 29 12N 1W SL  6.8  Tsl  8.0  201.0  12.0  9 
25‐8172  N1350 W1550 SE 10 13N 1E SL  4.0  Tsl  5.0  110.0  2.0  10 
25‐9318  S900 E1650 NW 17 11N 1W SL  4.0  A2/Tsl  25.0  460.0  1.0  11 
25‐2568  N15 W100 E4 05 14N 1W SL  6.0  Tw  4.0  75.0  3.0  11 
25‐9991  S468 E1220 W4 19 13N 1W SL  8.0  Tsl  10.0  149.0  1.0  12 
25‐10176  S1480 W50 N4 21 10N 1E SL  6.0  Tsl  7.0  120.0  4.0  12 
25‐10176  S1200 W50 N4 21 10N 1E SL  6.0  Tsl  7.0  120.0  4.0  12 
25‐10478  S200 E1420 NW 12 13N 1W SL  6.0  A2  5.0  80.0  2.0  12 
25‐3215  S3860 W153 NE 17 13N 1W SL  5.0  A2  2.5  42.0  4.0  13 
25‐8734  N2370 W1560 SE 10 13N 1E SL  6.0  Qau/A2  5.0  76.0  2.0  13 
25‐7397  N920 W2365 SE 13 12N 2W SL  6.0  Tsl  9.0  139.0  3.0  13 
25‐10113  S700 W1625 NE 13 13N 2W SL  6.0  A1  10.0  160.0  6.0  13 
25‐9610  N1101 W1489 S4 32 12N 1W SL  6.0  Tsl  11.0  196.0  48.0  14 
25‐10540  N1005 E800 SW 23 10N 1W SL  6.0  Pzu  10.0  160.0  29.0  15 
25‐8226  S2505 W545 NE 14 10N 1W SL  4.0  Tsl  4.0  50.0  1.0  16 
25‐9612  S4110 E575 NW 32 12N 1W SL  6.0  Tsl  15.0  170.0  1.3  17 
25‐9949  N2654 E1079 S4 26 14N 2W SL  6.0  Tsl  12.0  140.0  8.0  19 
25‐9768  S200 W2000 E4 13 10N 1W SL  6.0  Tsl  15.0  172.0  8.0  19 
25‐10166  N1540 E2250 SW 29 12N 1W SL  6.0  Tsl  20.0  190.0  2.0  19 
25‐9579  S3740 E30 NW 11 9N 1E SL  6.0  Tsl  12.0  117.0  2.0  20 
25‐9920  S685 E1340 NW 11 10N 1W SL  6.0  A2  10.0  100.0  3.0  20 
25‐9200  N1140 W350 S4 29 12N 1W SL  3.0  Tsl  5.0  50.0  1.0  21 
25‐4898  N2750 W450 SE 30 13N 1E SL  6.0  A1  2.0  22.0  20.0  21 
25‐10205  S1110 W335 NE 06 11N 1W SL  6.0  Tsl  5.0  56.0  36.0  22 
25‐10295  N575 E375 SW 13 14N 1E SL  5.0  Tsl  10.0  86.0  2.0  24 
25‐9510  S246 W442 NE 16 13N 1E SL  6.0  Tsl  15.0  125.0  2.0  24 
25‐9990  S50 E220 W4 29 12N 1W SL  6.0  Tsl  15.0  110.0  2.0  24 
25‐10047  S523 W1234 NE 24 13N 2W SL  5.0  Tsl  15.0  150.0  24.0  24 
25‐9781  S1200 E660 N4 32 12N 1W SL  6.0  Tsl  17.0  165.0  25.0  24 
25‐10149  N2300 E310 SW 27 13N 1W SL  6.0  A2  5.0  40.0  2.0  25 
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25‐8761  N769 W2831 E4 02 12N 1E SL  6.0  Tsl  7.0  60.0  8.0  25 
25‐10557  S999 W1065 NE 13 12N 2W SL  6.0  Tsl  8.0  65.0  4.0  26 
25‐8680  S90 W440 N4 26 14N 1E SL  6.0  Tsl  5.0  37.0  2.0  27 
25‐8301  N525 W140 S4 29 12N 1W SL  6.0  Tsl  10.0  70.0  1.0  27 
25‐9636  N1610 W270 S4 15 13N 1E SL  6.0  Tsl  11.0  75.0  2.0  29 
25‐9481  N3303 W1364 SE 13 12N 2W SL  6.0  Tsl  17.0  108.0  1.0  29 
25‐8485  N210 W740 SE 19 12N 1W SL  6.0  Tsl  20.0  140.0  4.0  30 
25‐9922  N200 E830 SW 01 10N 1W SL  6.0  Tsl  11.0  72.0  2.5  31 
25‐9284  S1100 E1600 NW 02 10N 1W SL  6.0  A2  15.0  96.0  2.0  31 
25‐9006  S1110 E500 W4 29 12N 1W SL  6.0  Tsl  15.0  110.0  24.0  32 
25‐9006  S1135 E100 W4 29 12N 1W SL  6.0  Tsl  14.0  90.0  6.5  33 
25‐4970  S60 E225 N4 15 14N 1W SL  4.0  Qau  2.0  16.0  100.0  34 
25‐8854  S1750 E2450 NW 15 13N 1E SL  6.0  Tsl  25.0  150.0  2.0  35 
25‐8854  S1750 E2450 NW 15 13N 1E SL  6.0  Tsl  25.0  150.0  2.0  35 
25‐9745  S1028 W468 E4 13 10N 1W SL  8.0  Tsl  5.0  30.0  10.0  35 
25‐9404  N25 W258 SE 20 14N 1W SL  6.0  A2/Tsl  10.0  55.0  2.0  36 
25‐8787  S1131 W4723 NE 23 14N 1E SL  6.0  Qau  18.0  95.0  3.0  38 
25‐5063  S1241 W256 NE 22 10N 1W SL  6.0  Tw  10.0  50.0  1.5  39 
25‐8946  N1693 W657 S4 29 12N 1W SL  6.0  Tsl  20.0  95.0  1.0  39 
25‐5728  N270 E1900 W4 23 14N 1E SL  10.0  Tsl  60.0  230.0  0.3  40 
25‐10228  S683 W595 NE 24 10N 1W SL  6.0  Tsl  14.0  68.0  2.0  41 
25‐10569  S20 E1190 NW 06 11N 1E SL  6.0  A2  15.0  78.0  5.0  41 
25‐9469  S615 E15 W4 03 13N 1W SL  6.0  Tsl  10.0  60.0  48.0  41 
25‐9879  N2582 E1247 W4 19 12N 1W SL  6.0  Tsl  30.0  121.0  2.0  43 
25‐9605  N1100 E1200 SW 01 10N 1W SL  6.0  A2  27.0  133.0  6.0  43 
25‐8594  N688 E283 W4 13 10N 1W SL  6.0  C1  3.5  15.0  1.0  43 
25‐10198  N1170 E1420 S4 03 13N 1E SL  6.0  A2  15.0  70.0  4.0  44 
25‐7317  S275 E1 N4 09 13N 1E SL  16.0  A2  40.0  150.0  2.0  45 
25‐8306  N2015 W90 S4 24 14N 1E SL  6.0  C1/Tsl  7.0  30.0  2.0  46 
25‐9007  N600 E2250 W4 29 12N 1W SL  6.0  Tsl  7.0  30.0  2.5  47 
25‐10157  S220 W1100 E4 29 14N 1E SL  6.0  A2  10.0  40.0  1.5  48 
25‐9006  S1110 E800 W4 29 12N 1W SL  6.0  Tsl  16.0  70.0  24.0  54 
25‐9506  N1135 W525 S4 35 14N 1E SL  6.0  A1  6.0  26.0  9.0  56 
0625001M00  S1656 W2160 NE 18 12N 1W SL  6.0  Tsl  10.0  40.0  12.0  56 
25‐10134  N90 E1585 W4 33 10N 1E SL  6.0  Tsl  30.0  92.0  2.0  64 
25‐5188  S1600 W600 NE 05 13N 1W SL  4.0  Tsl  10.0  30.0  2.0  70 
25‐10371  S320 E440 W4 03 13N 1E SL  6.0  A2  15.0  40.0  1.0  70 
25‐8965  S920 E810 N4 14 9N 1E SL  8.0  C1  39.0  114.0  6.0  70 
25‐9473  N1297 W880 S4 26 14N 2W SL  6.0  Tsl  7.0  20.0  4.0  73 
25‐2991  S700 W650 NE 10 13N 1E SL  6.0  Tsl  2.0  5.0  0.8  73 
25‐10064  S2881 E1847 N4 34 10N 1E SL  6.0  Tsl  11.0  30.0  2.5  73 
25‐10795  N100 E300 SW 27 14N 1E SL  8.0  A2  30.0  76.0  2.5  76 
25‐9611  N1047 E978 SW 32 12N 1W SL  5.0  Tsl  25.0  69.0  4.0  77 
25‐2439  N495 W1600 E4 29 13N 1E SL  6.0  A2  25.0  67.0  4.0  77 
25‐10737  S2368 E1093 NW 11 9N 1E SL  6.0  Qau  12.0  32.0  4.0  78 
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25‐10158  S1300 E100 W4 12 12N 1E SL  4.5  Tsl  18.0  85.0  10.0  81 
25‐8054  S50 E650 W4 14 9N 1E SL  6.0  Qau  22.0  53.0  2.0  82 
25‐4781  N1800 E2380 SW 10 10N 1W SL  8.0  Tw  80.0  220.0  24.0  82 
25‐10023  N622 E1520 SW 26 14N 2W SL  6.0  Tsl  12.0  30.0  8.0  87 
25‐7700  S500 E1650 NW 02 13N 1E SL  6.0  A2  20.0  45.0  2.0  88 
25‐9802  N397 W1254 E4 28 13N 1W SL  5.0  A2  50.0  90.0  2.0  91 
25‐6773  S240 W950 NE 34 14N 1E SL  6.0  A2  20.0  45.0  4.0  92 
25‐7544  N1140 W360 S4 29 12N 1W SL  6.0  Tsl  12.0  30.0  24.0  94 
25‐9168  N1000 W1100 SE 01 10N 1W SL  6.0  A2  27.0  55.0  1.7  95 
25‐9339  N300 E420 W4 34 11N 1W SL  6.0  Tw  50.0  106.0  3.0  96 
9325009P00  S400 E1150 W4 11 9N 1E SL  6.0  Tsl  20.0  40.0  1.5  96 
25‐9381  N2109 E1167 SW 11 9N 1E SL  6.0  Qau  20.0  40.0  1.5  96 
25‐8892  S1851 E1872 NW 11 10N 1W SL  6.0  A2  22.0  40.0  0.5  97 
25‐4478  N575 W1170 SE 34 11N 1E SL  6.0  A2  10.0  20.0  2.0  98 
25‐9742  S420 E490 NW 17 13N 1E SL  6.0  A2  30.0  60.0  2.0  98 
25‐9582  N1402 E1044 SW 11 9N 1E SL  6.0  Tsl  30.0  57.0  1.5  101 
25‐9963  S1230 E665 W4 11 10N 1W SL  8.0  A2  22.0  40.0  2.0  103 
25‐9923  N450 W50 SE 11 9N 1E SL  6.0  Qau  30.0  60.0  4.0  104 
25‐9996  S464 E25 NW 10 13N 1W SL  6.0  Qau  6.0  11.0  1.5  105 
25‐9231  S200 W220 N4 31 12N 1W SL  6.0  Tsl  24.0  44.0  2.0  107 
25‐9766  S756 W200 E4 13 10N 1W SL  8.0  Tsl  30.0  140.0  1.0  112 
25‐9484  S718 E629 NW 35 14N 2W SL  6.0  Tsl  30.0  50.0  1.0  112 
25‐8634  S1490 W155 NE 04 12N 1E SL  6.0  A2  10.0  20.0  12.0  112 
0125002P00  N120 W1085 S4 01 10N 1W SL  8.0  Tsl  43.0  81.0  10.0  113 
25‐8966  N967 W85 SE 19 12N 1W SL  6.0  Tsl  27.0  52.0  9.0  114 
25‐9925  S1100 W1370 E4 31 12N 1W SL  4.0  Tsl  29.0  50.0  1.0  115 
25‐10032  N200 E1960 SW 34 13N 1E SL  6.0  A2  50.0  85.0  2.0  116 
25‐9333  N2795 E31 SW 34 11N 1W SL  6.0  Tw  50.0  90.0  5.0  117 
25‐7734  N1540 W2075 SE 17 13N 1W SL  6.0  A2  40.0  67.0  2.0  118 
25‐8336  S4271 E2462 NW 32 12N 1W SL  4.0  Tsl  6.0  10.0  1.0  119 
25‐9661  N2569 W1096 SE 11 9N 1E SL  8.0  Qau  18.0  30.0  4.0  119 
25‐9614  N530 E785 SW 26 14N 2W SL  6.0  Qau  25.0  40.0  2.0  123 
25‐9427  S100 E1050 NW 34 11N 1W SL  6.0  Tw  30.0  53.0  2.0  124 
0525001M00  N1340 W2993 SE 34 11N 1E SL  6.0  A2  10.0  15.0  1.0  124 
25‐10132  S1150 E1050 NW 19 12N 1W SL  6.0  Tsl  20.0  35.0  8.0  125 
25‐10205  S2240 W344 NE 06 11N 1W SL  6.0  Tsl  30.0  47.0  3.5  131 
25‐6338  N210 W700 E4 10 13N 1E SL  4.0  Tsl  1.0  2.0  72.0  132 
25‐7882  N1000 W50 SE 19 12N 1W SL  6.0  Tsl  10.0  12.0  0.2  135 
25‐9662  N568 E167 S4 01 14N 1E SL  6.0  Tsl  45.0  65.0  2.0  136 
25‐9326  N170 W460 E4 14 11N 1E SL  8.0  Pzu  110.0  177.0  20.0  139 
25‐8777  S145 W60 N4 24 14N 1E SL  6.0  Tsl  15.0  20.0  1.0  140 
25‐9195  S2851 E1452 NW 11 9N 1E SL  6.0  Qau  22.0  30.0  1.5  141 
25‐9373  N300 E790 W4 34 11N 1W SL  6.0  Tw  55.0  78.0  3.0  143 
25‐9880  S883 W1184 N4 19 12N 1W SL  6.0  Tsl  50.0  60.0  2.0  149 
25‐5403  S2640 E185 NW 14 10N 1W SL  4.0  A2  8.0  10.0  0.5  151 
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25‐8725  S1630 W1210 NE 03 12N 1E SL  6.0  A2  60.0  80.0  3.0  152 
25‐4937  S230 W30 NE 21 10N 1E SL  5.0  Tsl  50.0  68.0  3.0  153 
25‐10451  N1400 W330 SE 10 9N 1E SL  6.0  Tsl  19.0  23.0  1.0  154 
25‐9703  N412 E2594 W4 24 14N 1E SL  8.0  Tsl  33.0  40.0  3.0  160 
25‐4891  S1825 E1760 NW 13 10N 1W SL  4.0  Tsl  10.0  12.0  1.0  166 
25‐8222  S5066 W610 NE 06 11N 1W SL  6.0  Tsl  22.0  25.0  2.0  173 
25‐8727  S767 E1641 NW 33 13N 1E SL  8.0  A2  30.0  34.0  4.0  175 
25‐10012  N2500 E540 SW 34 14N 1E SL  6.0  A2  20.0  20.0  0.5  176 
25‐5180  N1450 E630 SW 16 13N 1W SL  8.0  Qau  45.0  50.0  4.0  179 
25‐7397  N1335 W2585 SE 13 12N 2W SL  4.0  Tsl  50.0  60.0  4.0  183 
25‐8808  N1470 W1930 SE 13 12N 2W SL  4.0  Tsl  50.0  60.0  4.0  183 
25‐9374  N300 E1090 W4 34 11N 1W SL  6.0  Tw  75.0  82.0  3.0  186 
25‐8541  S293 E1445 NW 11 14N 1E SL  6.0  A2  35.0  37.0  2.0  186 
25‐9375  N231 E1447 W4 34 11N 1W SL  6.0  Tw  70.0  74.0  2.0  186 
25‐9775  S535 E206 NW 12 10N 1W SL  8.0  Tsl  30.0  30.0  2.0  188 
25‐9540  S1052 E76 W4 33 12N 1W SL  6.0  Tsl  22.0  23.0  2.0  188 
25‐10074  S85 W3840 NE 01 10N 1W SL  6.0  A2  75.0  80.0  3.0  190 
25‐2195  N1200 W200 SE 12 10N 1W SL  4.0  Tsl  15.0  15.0  1.0  199 
25‐4920  N1405 W625 SE 04 11N 1E SL  4.0  A1  5.0  5.0  1.0  199 
25‐4800  N1610 E2590 SW 22 12N 1E SL  4.0  A2  10.0  10.0  1.0  199 
25‐9568  N630 W50 E4 24 12N 1E SL  4.0  A2  10.0  10.0  1.0  199 
25‐3286  N790 W1180 SE 26 14N 2W SL  12.0  Qau  25.0  20.0  1.0  206 
25‐4913  S140 E2320 NW 28 12N 1E SL  2.0  A1  20.0  20.0  1.0  220 
25‐55  N155 W200 E4 16 10N 1E SL  6.0  A2  12.0  10.0  1.0  224 
25‐9635  S2652 W846 NE 13 10N 1W SL  8.0  Tsl  49.0  40.0  1.5  225 
25‐4909  N740 W1750 SE 05 11N 1W SL  4.0  Tsl  6.0  5.0  0.5  226 
25‐9256  N1300 E1500 SW 26 14N 2W SL  4.0  Qau  10.0  10.0  6.0  226 
25‐9623  N1050 W2360 E4 06 11N 1W SL  6.0  Tsl  27.5  22.0  0.8  229 
25‐8926  N50 W300 SE 01 10N 1W SL  6.0  A2  27.0  22.0  1.0  229 
25‐9006  S860 E100 W4 29 12N 1W SL  6.0  Tsl  15.0  15.0  24.0  235 
25‐10178  N950 E500 SW 16 13N 1W SL  6.0  A2  30.0  25.0  2.0  236 
25‐10482  N950 E160 SW 16 13N 1W SL  6.0  A2  30.0  25.0  2.0  236 
25‐10482  N950 E810 SW 16 13N 1W SL  6.0  A2  30.0  25.0  2.0  236 
25‐10482  N300 E990 SW 16 13N 1W SL  6.0  A2  30.0  25.0  2.0  236 
25‐8085  S2135 W1225 NE 15 12N 1E SL  6.0  A2  60.0  48.0  2.0  246 
25‐6067  N1500 E1075 SW 08 11N 1W SL  6.0  Tw  20.0  15.0  1.0  248 
25‐9936  N690 W200 SE 19 13N 1W SL  6.0  A2  20.0  15.0  1.0  248 
25‐10357  S200 W200 NE 07 13N 1W SL  6.0  A2  20.0  15.0  1.3  253 
25‐9901  S578 W1560 NE 03 12N 1E SL  6.0  A2  40.0  30.0  1.0  254 
25‐5777  S210 W940 NE 34 11N 1E SL  10.0  Tsl  6.0  4.0  1.0  256 
25‐7918  S2610 E1880 NW 27 11N 1W SL  6.0  Tsl  20.0  15.0  4.0  277 
25‐8360  S670 W520 N4 15 13N 1E SL  6.0  Tsl  15.0  10.0  1.0  279 
25‐6053  N1570 W675 SE 24 14N 1E SL  10.0  Tsl  300.0  232.0  24.0  284 
25‐10722  N250 W350 S4 27 14N 2W SL  6.0  Qau  53.0  30.0  1.0  284 
25‐6040  S300 W200 E4 12 10N 1W SL  8.0  A2  15.0  10.0  3.0  292 
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25‐4333  N670 W1520 SE 10 10N 1W SL  4.0  Tw  7.0  5.0  2.0  293 
25‐9232  N2345 E1479 SW 03 9N 1E SL  6.0  A2  30.0  20.0  2.0  295 
25‐9396  S270 W100 E4 18 11N 1E SL  6.0  A1  30.0  20.0  2.0  295 
25‐9820  S40 W1460 E4 27 11N 1E SL  6.0  A2  30.0  20.0  2.0  295 
25‐4655  N610 E760 SW 10 11N 1E SL  4.0  A2  25.0  20.0  12.0  296 
25‐6976  N1660 E1350 SW 15 10N 1W SL  10.0  Pzu  200.0  148.0  36.0  305 
25‐9753  N119 W1536 SE 33 13N 1E SL  6.0  A2  60.0  40.0  4.0  311 
25‐8269  N361 E3187 W4 21 13N 1E SL  4.0  Tsl  15.0  10.0  2.0  314 
25‐8509  N1890 W75 SE 11 11N 1W SL  4.0  A2  30.0  20.0  2.0  314 
25‐8478  S2200 W150 N4 26 14N 2W SL  4.0  Qau  15.0  10.0  2.0  314 
25‐10108  S1420 W1150 NE 15 9N 1E SL  6.6  Qau  23.0  15.0  6.0  323 
25‐9810  S1220 W100 NE 32 13N 1E SL  6.0  A2  50.0  30.0  2.0  328 
25‐9524  N775 W1235 S4 26 14N 2W SL  6.0  Qau  30.0  20.0  14.0  340 
25‐9993  S1580 E280 NW 27 11N 1W SL  6.0  Tw  26.0  14.0  1.0  346 
25‐10344  N250 E2300 W4 11 9N 1E SL  2.5  Qau  22.0  14.0  3.0  361 
25‐4923  N550 W75 SE 19 12N 1W SL  6.0  Tsl  11.0  5.0  0.3  363 
25‐5418  N1950 E90 SW 11 10N 1W SL  6.0  Tw  10.0  5.0  1.0  373 
25‐3430  N775 W2380 SE 03 11N 1E SL  4.0  A2  10.0  5.0  0.5  376 
25‐8322  N319 E1830 SW 27 14N 1E SL  6.0  A2  40.0  21.0  3.0  387 
25‐7639  N50 E50 SW 29 12N 1W SL  12.0  Tsl  40.0  18.0  2.0  390 
25‐4904  S2525 W1990 NE 05 11N 1W SL  4.0  Tsl  10.0  5.0  1.0  397 
25‐5773  S1625 W720 NE 34 14N 1E SL  4.0  Qau  10.0  5.0  1.0  397 
25‐10245  N1200 W585 SE 07 13N 1W SL  6.0  A2  15.0  7.0  1.0  399 
25‐7349  S2505 E2536 NW 18 10N 1E SL  4.0  Tsl  18.0  10.0  6.0  407 
25‐10123  N2080 E80 SW 21 11N 1W SL  6.0  Tsl  20.0  12.0  48.0  409 
25‐7352  N1765 E690 SW 27 11N 1W SL  6.0  Tw  10.0  5.0  4.0  415 
25‐7392  S1560 W1000 NE 3 13N 1E SL  12.0  Qau  120.0  55.0  8.5  432 
25‐7410  N1400 E1810 SW 15 13N 1E SL  6.0  A2  20.0  10.0  10.0  443 
25‐10137  N215 W195 SE 20 11N 1W SL  6.0  Tsl  25.0  14.0  72.0  450 
25‐8663  S2350 W2050 NE 11 10N 1W SL  6.0  A2  24.0  10.0  1.5  462 
25‐9209  S162 E285 NW 30 12N 1W SL  6.0  Tsl  20.0  8.0  1.0  466 
25‐8863  N884 E410 SW 34 10N 1E SL  10.0  Qau  20.0  8.0  3.0  469 
25‐5291  N1450 W1300 SE 34 13N 1E SL  6.0  Tsl  12.0  5.0  2.0  473 
25‐7885  S175 E825 NW 31 12N 1W SL  6.0  Tsl  12.0  5.0  2.0  473 
25‐6000  S370 W1520 NE 14 12N 1W SL  6.0  A2  40.0  20.0  36.0  482 
25‐10515  N1350 E160 SW 22 11N 1W SL  6.0  Tsl  24.0  8.7  0.5  485 
25‐2412  N1170 W925 E4 34 14N 1E SL  6.0  Qau  40.0  16.0  2.0  492 
25‐9449  N2300 E2100 SW 34 14N 1E SL  6.0  A2  15.0  6.0  2.0  492 
25‐8990  N1447 E65 SW 32 12N 1W SL  6.0  Tsl  25.4  10.0  1.8  495 
25‐9422  N850 W1600 E4 36 12N 2W SL  6.0  Tsl  44.0  15.0  1.0  547 
25‐7623  N460 E1725 SW 15 14N 1E SL  4.0  A2  50.0  18.0  2.0  582 
25‐10376  S1720 E910 NW 28 10N 1E SL  6.0  Tsl  26.0  9.0  1.0  587 
25‐9794  N1234 W2861 SE 11 14N 1E SL  6.0  A2  30.0  10.0  2.0  591 
25‐7881  N300 E475 SW 27 11N 1E SL  8.0  A2  20.0  6.0  1.0  592 
25‐8356  S33 E1140 NW 28 13N 1E SL  6.0  A2  15.0  5.0  3.0  609 
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25‐5453  N1695 W1400 S4 30 13N 1W SL  6.0  A2/Tsl  31.0  10.0  2.0  611 
25‐8670  S2140 W190 NE 01 10N 1W SL  6.0  A2  20.0  6.0  1.5  642 
25‐10085  N1420 E70 S4 31 12N 1W SL  4.0  Tsl  9.9  3.0  1.0  656 
25‐2217  N15 W660 SE 12 10N 1W SL  4.0  Tsl  10.0  3.0  1.0  662 
25‐8896  N140 E2040 W4 17 11N 1E SL  4.0  A2  30.0  10.0  6.0  679 
25‐3045  S2575 W540 NE 17 14N 1W SL  8.0  Qau  100.0  31.0  10.0  686 
25‐3389  S2575 W540 NE 17 14N 1W SL  4.0  Tsl  60.0  10.0  12.0  686 
25‐4566  S200 W820 E4 34 14N 1E SL  6.0  Qau  25.0  8.0  12.0  701 
25‐8778  N440 E2090 SW 20 12N 1E SL  2.0  A1  30.0  10.0  4.0  724 
0325607M00  N850 E790 S4 13 10N 1W SL  6.0  C1  7.0  2.0  4.0  726 
25‐7949  N1150 E750 SW 28 14N 1W SL  10.0  Tsl  300.0  100.0  115.0  730 
25‐9068  S1981 E656 NW 21 11N 1W SL  6.0  Tsl  45.0  12.0  2.0  739 
25‐5798  N250 E2375 SW 11 12N 1E SL  4.0  A2  25.0  8.0  24.0  773 
25‐7678  S1700 W880 NE 09 11N 1E SL  4.0  A2  50.0  16.0  24.0  773 
25‐7616  N80 W150 E4 02 10N 1W SL  6.0  A2  40.0  10.0  2.0  788 
25‐8846  N1483 W1246 S4 27 11N 1W SL  6.0  Tw  30.0  7.0  1.0  799 
25‐10701  S122 E2283 W4 11 14N 1E SL  6.0  A2  20.0  5.0  3.0  813 
25‐8541  S293 E1391 NW 11 14N 1E SL  6.0  A2  20.0  5.0  4.0  830 
25‐2204  N440 W1440 W4 25 11N 1W SL  4.0  A2  40.0  10.0  2.0  837 
25‐9487  S100 W50 E4 32 13N 1E SL  6.0  A2  35.0  8.0  1.5  842 
25‐10741  N747 E2123 SW 16 11N 1W SL  6.0  Tsl  30.0  7.0  2.0  844 
25‐2205  N90 W2080 E4 17 11N 1E SL  6.0  A2  30.0  7.0  2.0  844 
25‐10050  S370 W1650 E4 33 10N 1E SL  6.0  Qau  26.0  6.0  2.0  853 
25‐4663  S1330 E585 NW 26 14N 1E SL  12.0  A1  135.0  30.0  6.0  866 
25‐4561  S940 W120 NE 15 14N 1E SL  6.0  Qau  10.0  2.0  0.5  879 
25‐4936  N1650 W200 S4 20 11N 1E SL  4.0  A2  25.0  6.0  3.0  898 
25‐4949  S100 W2200 NE 28 13N 1W SL  8.0  A1/A2  110.0  25.0  6.0  902 
25‐10048  N153 W495 S4 28 10N 1E SL  6.0  Qau  25.0  5.0  1.0  932 
25‐516  S230 E290 W4 15 10N 1E SL  6.0  A2  10.0  2.0  1.0  932 
25‐9208  S10 W330 NE 25 12N 2W SL  6.0  Tsl  40.0  8.0  1.3  949 
25‐10207  N366 E1839 W4 28 10N 1E SL  6.0  Tsl  62.0  14.0  10.0  981 
0525001M00  N778 W2634 SE 34 11N 1E SL  6.0  A2  10.0  2.0  2.0  985 
25‐10048  S385 E2082 W4 28 10N 1E SL  4.0  Qau  25.0  5.0  1.0  994 
25‐8712  N1750 W2500 SE 21 13N 1E SL  4.0  A1  25.0  5.0  2.0  1,047 
25‐9938  S650 E875 W4 03 13N 1W SL  8.0  A2  30.0  6.0  8.0  1,047 
25‐9444  N800 W150 SE 11 9N 1E SL  6.0  Qau  45.0  8.0  1.0  1,048 
25‐7487  N1060 W2110 E4 04 11N 1E SL  6.0  A1  30.0  5.0  1.0  1,118 
25‐9926  S2450 W1800 NE 19 11N 1E SL  6.0  A1  30.0  5.0  1.0  1,118 
25‐7148  N765 W1240 E4 09 11N 1E SL  4.0  A2  50.0  9.0  2.0  1,163 
25‐9709  S910 W3986 NE 23 14N 1E SL  6.0  Qau  10.0  2.0  24.0  1,175 
25‐9799  N87 E812 SW 15 13N 1W SL  6.0  A2  10.0  2.0  24.0  1,175 
25‐10634  S600 E220 NW 30 11N 1E SL  6.0  A2  20.0  4.0  24.0  1,175 
25‐6732  S1710 W680 N4 26 14N 1E SL  6.0  A2  30.0  5.0  2.0  1,182 
25‐7950  N1915 E300 SW 19 12N 1W SL  6.0  Tsl  30.0  5.0  2.5  1,202 
25‐9602  N370 W1365 E4 21 10N 1E SL  6.0  Qau  33.0  5.0  1.0  1,230 
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25‐5433  N1950 E1835 SW 36 12N 2W SL  6.0  Tsl  20.0  3.0  1.0  1,242 
25‐5299  S210 W2400 E4 19 11N 1E SL  4.0  A2  100.0  18.0  6.0  1,257 
25‐10554  S1450 W2020 NE 27 11N 1E SL  6.0  A2  40.0  6.0  2.0  1,313 
25‐4570  N415 E570 SW 28 13N 1E SL  4.0  A2  24.0  4.0  6.0  1,357 
25‐8512  N1940 E870 SW 14 12N 1E SL  6.0  Tsl  150.0  20.0  1.0  1,397 
25‐10394  S1920 W1230 NE 05 12N 1E SL  8.0  A2  132.0  20.0  12.0  1,423 
25‐8253  S160 W480 NE 14 12N 1W SL  7.0  A2  15.0  2.0  2.0  1,442 
25‐5416  S1190 W1290 NE 14 14N 1E SL  6.0  Tsl  100.0  15.0  8.0  1,455 
25‐9315  S637 W922 E4 11 12N 1E SL  6.0  A2/Tsl  15.0  2.0  2.0  1,477 
25‐4960  S1615 W230 N4 19 11N 1E SL  4.0  A2  60.0  10.0  24.0  1,485 
25‐4884  S110 W340 E4 34 14N 1E SL  16.0  Tsl  751.0  111.0  26.0  1,537 
25‐3072  N1142 E958 SW 28 14N 1W SL  10.0  Tsl  300.0  37.0  4.0  1,556 
25‐8470  S560 W2400 NE 36 11N 1W SL  8.0  A2  90.0  9.0  3.5  1,715 
25‐7316  S2515 E4823 NW 17 11N 1W SL  10.0  Tsl  824.0  90.0  4.0  1,757 
25‐4973  S1090 E1525 NW 13 10N 1W SL  6.0  Tsl  20.0  2.0  1.0  1,863 
25‐6190  S1930 E2220 NW 15 11N 1E SL  6.0  A2  40.0  4.0  2.0  1,969 
25‐9167  N404 E1546 SW 12 9N 1E SL  6.0  Tsl  30.0  3.0  5.0  2,110 
25‐1447  N2115 E95 S4 19 11N 1E SL  4.0  A2  30.0  3.0  4.0  2,200 
25‐6649  N131 W1448 SE 35 14N 1E SL  6.0  Tsl  25.0  2.0  1.0  2,329 
25‐9586  N1257 E2713 SW 19 11N 1E SL  6.0  A2  50.0  4.0  1.0  2,329 
25‐6187  S50 E500 NW 30 11N 1E SL  6.0  A2  60.0  6.0  24.0  2,350 
25‐9107  S1458 E298 W4 17 11N 1E SL  6.0  A2  30.0  3.0  24.0  2,350 
25‐9693  S1887 W300 E4 18 11N 1E SL  6.0  A1  60.0  5.0  2.0  2,363 
25‐10571  S660 W220 N4 33 13N 1E SL  6.0  A2  36.0  3.0  3.0  2,438 
25‐10255  N705 W659 SE 33 11N 1W SL  6.0  Tw  34.0  3.0  8.0  2,473 
25‐9721  S2009 W158 N4 29 13N 1E SL  4.0  A2  60.0  5.0  2.0  2,512 
25‐4101  N535 E2340 W4 17 11N 1E SL  4.0  A2  40.0  4.0  48.0  2,581 
25‐7569  N60 W1310 SE 15 10N 1W SL  10.0  Pzu  440.0  37.3  24.0  2,585 
25‐8196  N1190 W1800 SE 34 12N 1E SL  6.0  Qau  12.0  1.0  10.0  2,659 
25‐9912  N1320 E1560 SW 35 14N 2W SL  6.0  Tsl  25.0  2.0  24.0  2,938 
25‐4925  N1850 E1880 SW 11 14N 1E SL  12.0  Tsl  90.0  5.0  1.0  2,972 
25‐7409  S775 E1875 W4 11 14N 1E SL  12.0  Tsl  90.0  5.0  1.0  2,972 
25‐1137  N20 W500 SE 18 11N 1E SL  8.0  A2  82.0  5.0  2.0  3,085 
25‐10203  S1100 W328 N4 23 10N 1W SL  5.0  Tsl  30.0  2.0  4.0  3,197 
25‐6341  N1310 W2650 SE 14 10N 1W SL  5.0  Tsl  16.0  1.0  2.0  3,240 
25‐7146  S2615 W200 N4 04 11N 1E SL  6.0  A2  200.0  12.0  2.0  3,282 
25‐3347  N1380 E4353 SW 19 12N 1E SL  16.0  A2  799.0  45.6  9.5  3,343 
25‐6007  N1340 W2565 SE 20 11N 1E SL  4.0  A1  30.0  2.0  10.0  3,510 
25‐7615  S952 W1027 N4 33 10N 1E SL  6.0  Tsl  720.0  40.0  3.0  3,657 
25‐27  N430 W1134 E4 25 11N 1W SL  2.0  A2  50.0  3.0  1.0  3,666 
25‐1762  S490 E1415 NW 25 11N 1W SL  8.0  A2  40.0  2.0  1.5  3,674 
25‐9706  S3165 E50 NW 21 13N 1E SL  6.0  A2  60.0  3.0  1.0  3,726 
25‐8869  N2177 W3997 E4 25 11N 1W SL  6.0  A2  40.0  2.0  1.5  3,851 
25‐5168  S350 W480 E4 17 11N 1E SL  4.0  A2  75.0  4.0  2.0  3,926 
25‐10000  S448 W408 NE 27 11N 1E SL  8.0  A2  44.0  2.0  2.0  4,139 
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25‐9266  N342 W769 E4 20 13N 1E SL  6.0  A2  108.0  5.0  2.0  4,254 
25‐10356  S450 E50 NW 30 11N 1E SL  6.0  A2  300.0  15.0  10.0  4,432 
25‐9410  S1550 E275 NW 17 11N 1E SL  6.0  A1  75.0  3.0  1.0  4,658 
25‐4656  N240 E45 W4 23 14N 1E SL  12.0  A2  425.0  19.0  24.0  4,782 
9925003P00  S517 E914 W4 35 12N 1E SL  20.0  A2  1,500.0  50.2  2.3  4,841 
25‐639  S500 E180 W4 19 11N 1E SL  6.0  A2  40.0  1.5  1.0  4,969 
25‐9426  S15 E2685 NW 15 14N 1E SL  6.0  A1  103.0  4.0  3.0  5,231 
25‐8369  N1137 E278 S4 17 11N 1E SL  6.0  A2  80.0  3.0  2.0  5,252 
25‐3486  N630 E260 SW 22 12N 1E SL  8.0  A2  150.0  6.0  10.0  5,320 
25‐7451  S290 W1350 N4 29 13N 1E SL  5.0  A2  431.0  19.0  21.0  5,411 
25‐10063  S480 W1765 NE 15 14N 1E SL  8.0  A2  60.0  2.0  1.5  5,512 
25‐4734  N1490 W1850 SE 03 12N 1E SL  12.0  Tsl  1,350.0  47.0  6.0  5,530 
25‐9142  S1421 W26 NE 13 9N 1E SL  6.0  Tsl  30.0  1.0  2.0  5,908 
25‐9379  N827 W1736 SE 35 14N 1E SL  8.0  A1  40.0  1.0  1.0  7,100 
25‐8252  S1026 E1584 N4 11 10N 1E SL  16.0  Pzu  2,905.0  90.0  124.0  7,428 
25‐5324  N270 W520 E4 16 12N 1E SL  10.0  A2  444.0  10.0  3.0  8,325 
25‐8765  N30 E1817 NW 35 12N 1E SL  12.0  A2  1,056.0  25.0  24.0  9,030 
25‐8711  N1590 W1220 SE 10 12N 1E SL  6.0  A2  48.0  1.0  2.0  9,453 
25‐3164  N1490 E1995 SW 26 13N 1E SL  16.0  A2  1,845.0  135.0  9.0  9,537 
9425005M00  S600 E900 E4 33 12N 1E SL  6.0  A2  138.0  4.0  24.0  10,095 
25‐8982  S1143 W94 N4 19 11N 1E SL  6.0  A2  80.0  1.5  2.0  10,504 
25‐4955  N90 E1460 SW 36 11N 1W SL  8.0  A2  440.0  9.0  12.0  10,539 
25‐8706  S3930 W5626 NE 11 11N 1E SL  16.0  Tsl  1,425.0  24.0  8.0  11,170 
25‐9135  N240 W1320 E4 20 13N 1E SL  6.0  A2  118.0  2.0  2.0  11,620 
25‐8662  N1550 W2230 SE 19 11N 1E SL  6.0  A2  200.0  3.0  2.0  13,130 
25‐9308  S647 W52 E4 20 13N 1E SL  6.0  A2  100.0  1.5  2.5  13,358 
25‐7929  S1780 W1070 NE 27 11N 1E SL  10.0  A2  357.0  5.0  6.0  14,146 
25‐10312  N2510 E1860 SW 19 11N 1E SL  6.0  A2  70.0  1.0  3.0  14,221 
25‐9509  S405 W2033 NE 16 13N 1E SL  6.0  A2  75.0  1.0  2.0  14,771 
25‐1031  N1710 E850 SW 17 11N 1E SL  6.0  A2  36.0  0.5  4.0  14,945 
25‐9941  N277 W527 E4 17 11N 1E SL  6.0  A2  36.0  0.5  4.0  14,945 
25‐7392  N300 E525 SW 14 14N 1E SL  12.0  Tsl  1,820.0  25.0  24.0  15,563 
25‐4476  N875 E295 S4 32 11N 1E SL  12.0  Tsl  1,084.0  15.0  34.0  15,835 
25‐8791  S495 W830 NE 09 11N 1E SL  6.0  A2  150.0  2.0  10.0  16,620 
25‐10037  S279 W1670 NE 16 13N 1E SL  6.0  A1  85.0  1.0  2.0  16,740 
25‐8688  S1073 E2083 NW 21 11N 1E SL  6.0  Qau  85.0  1.0  2.0  16,740 
25‐10339  S1085 W80 N4 04 11N 1E SL  10.0  A2  78.0  1.0  24.0  17,110 
25‐10518  S1970 E320 N4 27 11N 1E SL  6.0  A2  183.0  2.0  2.0  18,020 
25‐9147  N556 W39 SE 07 11N 1E SL  6.0  A2  140.0  1.5  2.0  18,381 
25‐9134  S2194 W1527 NE 20 13N 1E SL  6.0  A2  115.0  1.3  3.0  18,690 
25‐8463  S380 E935 NW 35 12N 1E SL  8.0  A2  432.0  5.0  24.0  19,544 
25‐3349  N75 W650 SE 08 11N 1E SL  6.0  A2  115.0  1.0  1.0  21,427 
25‐5323  S920 W750 N4 14 14N 1E SL  12.0  A2  1,850.0  16.0  7.0  22,535 
25‐7581  S920 E1870 NW 14 14N 1E SL  12.0  A2  1,850.0  16.0  7.0  22,535 
25‐4990  N2220 W3660 SE 27 12N 1E SL  16.0  A2  4,555.0  39.0  36.0  24,664 
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WRNUM  Location  Diameter  Unit  Q  s  t  T 
      (in)     (gpm)  (ft)  (min)  (ft²/day) 
25‐8897  S447 W507 E4 33 11N 1E SL  8.0  A2  460.0  4.0  12.0  24,792 
25‐2594  S1680 W580 N4 03 11N 1E SL  10.0  A2  933.0  5.5  0.5  27,151 
25‐4990  N820 E1220 SW 34 12N 1E SL  16.0  A2  4,418.0  32.0  73.0  30,650 
25‐2239  N2420 W160 SE 04 10N 1E SL  16.0  A2  2,000.0  14.0  75.0  31,774 
25‐2239  S898 E2321 N4 11 10N 1E SL  16.0  Pzu  5,160.0  36.0  100.0  32,512 
25‐9269  N185 W1151 SE 10 11N 1E SL  16.0  Tsl  900.0  4.5  2.0  33,378 
25‐3420  S1840 E1040 NW 11 14N 1E SL  12.0  Tsl  1,400.0  8.0  6.0  33,694 
25‐4142  N260 W1885 E4 27 13N 1E SL  20.0  A2  1,800.0  10.0  12.0  33,751 
25‐6373  S450 E1310 W4 28 13N 1E SL  12.0  A2/Tsl  1,837.0  11.0  14.0  34,322 
0225002P00  S1998 W1780 NE 28 11N 1E SL  16.0  A2  1,350.0  6.5  2.0  34,662 
25‐9568  N2100 W750 SE 21 12N 1E SL  16.0  A2/Tsl  3,515.0  17.0  1.0  40,366 
25‐9071  N390 W1290 E4 03 11N 1E SL  12.0  A2  2,500.0  11.0  8.0  44,923 
25‐7704  N1960 E1090 SW 04 11N 1E SL  16.0  A2  4,200.0  20.0  48.0  45,272 
25‐3493  N25 E1540 SW 27 11N 1E SL  20.0  A2  3,800.0  16.0  30.0  47,866 
25‐7428  S400 W880 NE 03 10N 1W SL  16.0  A2  3,125.0  11.7  2.0  55,100 
25‐9618  S400 W880 NE 03 10N 1W SL  16.0  A2  860.0  2.0  5.0  55,100 
25‐9044  N1320 W75 SE 28 11N 1E SL  16.0  A2  2,680.0  12.0  48.0  65,911 
25‐7428  S370 W980 NE 03 10N 1W SL  16.0  A2  860.0  2.0  5.0  73,351 
25‐8919  S900 E2500 NW 10 12N 1E SL  20.0  A2  2,260.0  4.0  1.0  84,429 
25‐6290  S320 E1785 NW 27 11N 1E SL  8.0  A2  600.0  0.2  5.0  606,503 
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Appendix C: Well drillers’ records for wells tested 
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Appendix D: Drinking water source protection plans 
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Drinking Water Source Protection Plans   
Department of Environmental Quality – Division of Drinking Water 
 
Contact - Jensen, Mark - mjensen@utah.gov; (801) 536-4199; Administrative Services 
Ground water source protection; GIS Development 
 
1995 Gancheff Well Cornish, Utah; Conducted by Crawford Environmental Specialists, 
Inc., Crawford Environmental Specialists, Inc. Project No. 542046; DDW # 
03005-04 
 
1996 Benson Well, Benson, Utah; Crawford Environmental Specialists, Inc., Crawford 
Environmental Specialists, Inc. Project No. 96064;  
 
1997 10th North Well Logan City, Utah; Conducted by Eckhoff, Watson and Preator 
Engineering; DDW # 03010-06 
 
1997 Willow Park Well Logan City, Utah; Conducted by Eckhoff, Watson and Preator 
Engineering; DDW # 03010-05 
 
1998 1st West Well North Logan City, Utah; Conducted by Eckhoff, Watson and Preator 
Engineering; DDW # 03015-02 
 
1998 Beef Hollow Well North Logan City, Utah; Conducted by Eckhoff, Watson and 
Preator Engineering; DDW # 03015-06 
 
1998 East Bench Well, Smithfield, Utah; Conducted by Terracon Engineering, Terracon 
Project No. 61977006; DDW # 03020 
 
1998 Forrester Acres Well Smithfield, Utah; Conducted by Terracon Engineering, 
Terracon Project No. 61977180; DDW # 03020 
 
1998 Green Canyon Wells Nos. 1 & 2 North Logan City, Utah; Conducted by EWP 
Engineering; DDW # 03015-05 & 03015-07 
 
1998 Providence City Well Providence, Utah; Conducted by Clyde, C.G. and Knighton 
and Crow Engineering; DDW # 3017 
 
1998 Wells Nos. 1 & 3 Hyrum, Utah; DDW # 03008-03 
 
1999 Well Nos. 1-4, Paradise, Utah; Weston Engineering, Inc., DDW # 03016 
 
2002 New City Well Richmond, Utah; Conducted by Sunrise Engineering, Sunrise 
Project No. E8170.43 
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2005 Nelson Well Nibley, Utah; Conducted by Cache Landmark Engineering; DDW # 
03001-06 
 
